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reference collections in classroom work. 
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Texts that bring teacher and student closer 
... aid in making teaching really ettective 


NEW!! 


McCORKLE 


The Physical World 


Here is your basic text for a general course in the 
physical sciences . . . adequately covering the field for 
those students who will never go further in the 
sciences .. . yet fully preparing those other students 
who will. Each chapter is a full discussion in itself; 


NEW! ! 


thus the teacher may shift the order of discussions 

as he sees fit, or omit certain subjects altogether. 

Numerous demonstrations and experiments are in- 

cluded, all involving simple equipment and technic. 
291 Illustrations, 450 Pages, $4.25 


GRIBBLE 


Comparative Anatomy Laboratory Manual 


A new text for use in either a one- or two-semester 
course. Contains more information than the average 
manual. Inclusion of unlabeled drawings permits the 
student to spend all of his time dissecting and study- 
ing specimens rather than in time-consuming draw- 
ing details. Studies the carp, frog, alligator, pigeon, 
bat, seal, cat, sheep, dogfish, amphioxus, turtle, 


nectarus, chicken and woodcock—from a novel and 
interesting point of view. (An especially fine chapter 
on anomalies, based on 18 years of observation of the 
cat, will impress upon the student the need for pains- 
taking dissection and constant alertness to deviations 
from the norm.) 

41 Plates, 232 Pages, $3.00 


Blakiston’s New Gould Medical Dictionary 


The first really new medical dictionary in nearly half 
a century ... and the only medical dictionary built 
on modern lexicographic methods. Hailed by eminent 
authorities in many fields as the finest work of its 
kind ever published, it represents more than 5 years 


of work on the part of more than 100 outstanding 
contributors. Here is a work that will stand as au- 
thority for years ...a book which actually cost more 
than $250,000 to produce. Available in three editions: 
textbook $8.50; thin paper, $10.75; deluxe, $13.50. 


The Blakiston 
Company 
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enclosed (J. It is understood that you will credit my account in full for 
any books returned within 10 days. 
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Forthcoming science texts 


Man’s Physical Universe 
THIRD EDITION by ARTHUR T. BAawDEN 


This is the third edition of a highly successful text designed for survey courses in the 
physical sciences. The emphasis throughout is on the scientific attitude and method. 
The new edition brings up to date the applications of general principles, now includ- 
ing the important advances of the past decade. To be published in March. 
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Today’s research « « « tomorrows practice 


These two books reflect the steady 
flow of etiologic discoveries that have 
been handed to medical practice dur- 
ing recent years by accelerated re- 
search, particularly in the fields of 
chemo-therapy and antibiotics. Inter- 
change of this type of knowledge has 
increased to the stage where an inte- 
gration of this basic material can be 


established into general medicine. 


Viral and Rickettsial Infections of Matt cites tonssu tives,uo 


Dr. Rivers and twenty-six associates present a logical explanation of why known chemo-therapeutic 
agents and antibiotics will yield different results in different kinds of infectious diseases. The object of 
this work is to indicate the practical approach to therapeutic problems in the viral and rickettsial fields. 


Bacterial and Mycotic Infections of Mean cites 


A companion volume, edited by René J. Dubos, Ph.D. and thirty-three associates, also provides a 
picture adequately clinical in its adaptation of research into general medicine. A timely book—it offers 
a balanced presentation of parasitism in its biological perspective, leading to the actual clinical picture 
and the activities of bacteria of diseases in the human as a host to the parasite. 


J. B. Lippincotr Company, East Washington Square, Philadelphia 5, Pa. 
Enter my order and send me: 


VIRAL AND RICKETTSIAL INFECTIONS OF MAN— Rivers 
77 Illustrations, 6 Color Plates, 544 Pages, $5.00 O Cash Enclosed 
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contributions to 
Medical Literature 


99 Illustrations, 2 Color Plates, 750 Pages, $5.00 
[_] Both volumes with handsome slipcover $10.00 _ [Charge my Ace. 
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% New help in cancer research ... bio- 
chemistry— Differential absorption of bio- 
logical material disclosed . . . resolving 
power doubled by ultra-violet radiation! 


% For use with any standard laboratory 
or research microscope — New B&L re- 
flecting type objective, reflecting condenser, 
and compensating quartz eyepiece—vastly 
widen the usefulness of your present B&L 
microscope. 


% Maximum focal constancy in all wave - 
lengths—No change of setting is required 
from visible to ultra-violet, for photography 
of average material. 


WRITE for complete information. Bausch & 
Lomb Optical Company, 642-S St. Paul St., 
Rochester 2, N. Y. 
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Heredity, Environment, and Evolution 


Th. Dobzhansky 


Department of Zoology, Columbia University, New York City 


HE SAVAGE ONSLAUGHT on genetics by 
Lysenko and his partisans has had one useful 
result—and only one—that is, a great intensi- 

fication of interest in genetics and evolution, 

not only among scientists but among educated people 
in general. Therefore, this is a propitious time for 
an attempt to restate some of the basic concepts of 
modern genetics and of evolution theory. It goes 
without saying that these concepts differ from those 
current in the past, and it is a safe prediction that 
they will continue to evolve unless the sciences of 
genetics and evolution are destroyed everywhere as 
they have been in Russia. Furthermore, the concepts 
vary somewhat, although to a minor extent, from one 
geneticist to another. The responsibility for the for- 
mulations offered here rests, of course, with the writer. 
Genetics has been defined by Bateson as a study “of 
the phenomena of heredity and variation; in other 
words . . . the physiology of descent.” Heredity, 
variation, and descent are aspects of the same basic 
phenomenon, although superficially they may seem 
distinct or even antagonistic. It is a matter of ob- 
servation that children resemble parents, and this re- 
semblance is ascribed to heredity. The resemblance 
is, however, not absolute, either between parents and 
children or among sibs. This is called variation. 
When we find, through observation or inference, that 
the organisms living now came from ancestors dif- 
ferent from them we speak of evolution or descent. 
A man may resemble his mother in some respects 
or “traits,” his father in other traits, and be unlike 
either in still others. It looks as if what is inherited 
is not a general likeness but rather resemblance in 
different particular traits. In common as well as in 
scientific parlance, such human traits as skin color, 
eye color, hair form, and head shape are considered 
hereditary. No abstruse analysis is needed, however, 
to show that a “trait” is merely an abstraction useful 
for purposes of description, and as such cannot be 
inherited. An individual arises from the union of an 
egg contributed by the mother with a spermatozoon 
contributed by the father. These sex cells have no 
eyes, no hair, and no skin color. But a fertilized egg 
does develop, by means of a long series of very com- 
plex transformations and through many successive 
stages, into an organism which has eyes of a certain 
color, hair of a certain form, a more or less pig- 


mented skin, ete. Furthermore, the traits or char- 
acteristics of an individual organism at any stage of 
its development are related to, and are to a certain 
extent predictable from, a knowledge of the traits of 
its parents and other ancestors. It is evident that 
what is inherited is a dynamic pattern of develop- 
mental processes which charts the course of the trans- 
formations of the body from fertilization to birth, to 
adulthood, and to death. 

This charting, however, does not amount to any- 
thing like complete determinism. It is well known 
that the course of development is influenced by the 
environment. Therefore the outcome of development 
at any stage is a function of both the heredity of the 
developing individual and the environment in which 
the process has taken place. Heredity does not deter- 
mine traits; it determines, according to the somewhat 
awkward expression proposed by the Danish biologist 
Raunkaier, the “norm of reaction” of the organism 
to the environment. 

Different environments evoke different reactions in 
organisms with similar heredities; different heredities 
engender different reactions in organisms which de- 
velop in similar environments. It is therefore obvi- 
ously necessary to distinguish the outcome of develop- 
ment from its cause. Johannsen proposed to desig- 
nate the former as the phenotype and the latter as the 
genotype. The phenotype comprises all external and 
internal structures and functions of the organism. It 
ean be studied and described by morphological, ana- 
tomical, and physiological methods. The genotype of 
an individual is the sum total of its hereditary proper- 
ties. Examination of the pedigree, or of the progeny, 
or both, is needed to study the genotype. The pheno- 
type of an individual changes continuously as the de- 
velopment proceeds, and, in fact, never becomes fixed. 
A series of photographs of a person taken at different 
times, from birth to maturity, old age, and death, illus- 
trates the changeability of the phenotype. The geno- 
type is relatively stable; the nature of this stability 
will be diseussed. 

It is a widespread misapprehension that hereditary 
traits are independent of the environment, and that 
traits subject to environmental modifieation are ipso 
facto not hereditary. On the contrary, no organic 
form or function can develop except as a response of 
a certain genotype to a certain environment. The so- 
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called “nature-nurture” (genotype-environment) prob- 
lem is not to distinguish which traits are genotypic 
and which are environmental, for all traits are geno- 
typie and environmental. The problem is to what ex- 
tent the actually observed variability in individuals of 
a species (such as man) is caused by the available 
variety of genotypes, and by the existing variety of 
environments. In this sense, the relative importance 
of genotype and of environment is quite different for 
different traits. For example, the blood group to 
which a man belongs seems to be fixed by his heredity ; 
no method of changing the blood antigens is known 
at present. The skin color depends both on the geno- 
type and on the exposure of the skin to a certain part 
of the ultraviolet spectrum. Man’s behavior is sup- 
posed to conform to circumstanees, i.e., to the environ- 
ment. But it is easy to show that behavior is influ- 
enced also by the genotype. For example, a man with 
a black skin (a genotypic trait) will, in a “color con- 
scious” society (environment), evince a different be- 
havior (phenotype) from a man with a light skin. 
The fact that in different social environments these 
men’s behavior might be alike, or reversed, does not 
make the behavior independent of the genotype. 
The relative importance of genotype and of environ- 
ment in the determination of the developmental pat- 
tern is not unalterable. If the environment becomes 
standardized, the variability of genotypes increases in 
importance. Environmentai agents become more in- 
fluential when they grow stronger or more diversified, 
or when the organisms on which they act are geno- 
typically uniform or nearly so. Now, man creates 
new environments and is therefore potentially able to 
augment or diminish the rigidity of genotypic deter- 
mination. It is clear that the development of an 
individual is an orderly sequence of physiological and, 
ultimately, physicochemical reactions in which the 
genotype and the environment are involved. If a 
detailed knowledge of these reactions were available, 
the phenotype would be under our control to a much 
greater extent that it is now. As Goldschmidt has 
pointed out, any change in the phenotype produced 
by a variation of the genotype could, in principle, be 
produced by environmental influences as well. Al- 
though this presupposes a more nearly perfect knowl- 
edge of development than is actually available, the 
principle is valid. Medical treatment of hereditary 
disease or, indeed, of any other disease consists essen- 
tially in placing the patient in environments so con- 
trived that his genotype reacts by engendering a 
phenotype which is regarded as desirable. Medicine 
and pedagogy are, from the standpoint of genetics, 
sciences of management of the human phenotype. 
Heredity is often spoken of as “destiny.” It is des- 
tiny largely in proportion to our biological ignorance. 


The foremost problem of genetics has been to in- 
vestigate the structure and the operation of the geno- 
type in individual and in evolutionary development. 
To date, the greatest discovery in this field has been 
that made by Mendel. Mendel demonstrated that the 
genotype is not a diffuse continuum, which it was 
believed to be before Mendel (the “blood” theory of 
heredity), but a sum of discrete particles, now called 
genes. The rules of the transmission of genes from 
parents to offspring have been established by means 
of a certain powerful analytical tool, invented by 
Mendel and perfected by his successors. This tool 
is hybridization of varieties of plants or animals which 
differ in some known respects; the distribution in the 
offspring of the traits in which the parents differed 
is followed one by one, and is recorded quantitatively. 
The rules discovered by Mendel enable biologists to 
make sense of a great mass of otherwise chaotic data; 
they also enable geneticists to devise new experiments 
and to predict their outcome. The gene theory has 
been established without the genes’ having been seen 
under the microscope, just as chemical reactions have 
been understood in terms of molecules and atoms with- 
out molecules and atoms’ having been seen. 

The next step was made by the combined efforts of 
many brilliant men, among whom Weismann and Mor- 
gan were most important. This was the demonstra- 
tion that the genes, or most of them, are carried in the 
microscopically visible chromosomes. The gene ceased 
to be merely a symbol; it became also a material par- 
ticle. But the structure and the method of action 
of the gene still remained conjectural. The next ad- 
vance, due again to collective achievement of ~umer- 
ous workers, among whom Muller has been most 
prominent, is now in process of accomplishment. Al- 
though many loose parts of the story still remain to 
be tied together, it seems most probable that the gene 
is a single molecule of nucleoprotein, or a part of a 
supermolecule, the chromosome. Some genes occur, 
however, in the cytoplasm also. There has developed, 
moreover, a most intriguing zone transitional between, 
first, cytoplasmic genes, which are necessary parts of 
a cell of a given species, second, viruslike symbionts 
which may or may not be present, and, finally, para- 
sitie viruses which are transmitted from individual to 
individual not by heredity but by infection. A chro- 
mosome proves to be not a fortuitous assemblage of 
independent genes, but an organized system; the pre- 
cise nature of the interrelations of the genes carried 
in the same chromosome is, however, still problematic. 
Whatever it may prove to be, heredity is a process 
enacted primarily on a molecular level inside the cells, 
and secondarily magnified to those macroscopic dimen- 
sions in which we are accustomed to observe the out- 
come of heredity. 
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A human egg cell is estimated to weigh about one 
millionth of a gram. The inerease in weight from 
egg to adult is, accordingly, some fifty billion fold. 
The source of the material for this enormous growth 
is not far to seek. It is the food and water consumed 
and assimilated by the organism. The development 
of any organism involves, then, transformation of 
materials withdrawn from the environment into a like- 
ness of the assimilating organism and of its ancestors. 
Heredity is a process whereby the organism repro- 
duces itself by consuming a part of its environment. 
This is especially obvious when we observe living 
things giving rise to progeny. But self-reproduction 
takes place in any living body. Experiments with 
isotopes have shown an amazing lack of permanence 
of most of the adult mammalian body; many body 
constituents are periodically broken down and recon- 
structed anew from food materials. Heredity is, fun- 
damentally, self-reproduction. 

The units of self-reproduction are genes. Construe- 
tion of their own copies is the most important and 
possibly the only function which the genes perform. 
Just what the chemical processes are whereby a copy 
of a gene appears next to it is unknown. It is pos- 
sible that a gene first synthesizes its negative image, 
which next gives rise to a positive. Or the gene 
molecule may undergo transformations whose end 
result is two such molecules. In any case, the process 
of self-reproduction may be symbolized thus: 


A+B=2A+C 


where A is the gene, B the materials from which the 
copy is made, and C the by-products or waste prod- 
ucts. The essence of the process is that two gene 
molecules are formed where only one was present be- 
fore. Whatever the chemistry may prove to be, the 
process is cyclic, and it is this cyclic nature that makes 
heredity possible. 

The allegation that geneticists regard the genes as 
isolated from the rest of the body and from the envir- 
onment is absurd. It has been known for about half 
a century that the chromosomes, and hence the genes, 
are reduplicated between the consecutive cell divisions. 
The genes are probably chemically the most active cell 
constituents. The genes change all the time, but the 
basic fact is that the changes are cyclic: they lead to 
self-reproduction. This is the modern meaning of the 
Weismannian distinction—which has been misinter- 
preted by geneticists as well as by philosophers—he- 
tween the germ plasm and the somatoplasm. The 
germ plasm is the genic materials which reproduce 
themselves; the somatoplasm is produced in the proe- 
ess of gene self-reproduction. The “stability” of the 
genes is peculiarly dynamic—they change to produce 
their own copies. Self-reproduction is the funda- 


mental quality of life that distinguishes it from in- 
animate nature. This explains the apparently para- 
doxieal nature of life: life changes the environment 
and is changed by the environment, and yet it pre- 
serves an inner continuity which is, in fact, its basie 
property. 

Every organism can exist in a certain range of 
environments and can subsist on a certain range of 
food materials. This means that a gene, A, is able 
to reproduce itself not only from a material, B, but 
also from other materials, denoted B', B?, B*, ete. 
The results of the self-reproducing processes are, then: 


A+B'!=2A+C! 
A+ B?=2A+C? 
A+ 


In other words, with rare exceptions, a gene either 
forms a faithful copy of itself or fails to reproduce 
altogether. Variations in the environment give varia- 
tions in the products (phenotypes) C1, C*, C%, ete., 
and not in gene A. This accounts for the paradox of 
variability of the phenotype and stability of the geno- 
type which makes heredity possible. The so-called ac- 
quired characters are not inherited because the pheno- 
type, C, is a product of the reproduction of the geno- 
type, A, and not vice versa. 

The genes are, nevertheless, not unchangeable. In 
fact, they can be changed quite readily: The genic 
materials can be burned, or we can poison the genes. 
Since the chemical basis of the genes is in all likeli- 
hood nucleoprotein, they should be capable of under- 
going many kinds of changes. The problem is not 
whether genes can be changed but what is the outcome 
of a change. It seems that the property of the gene- 
molecule which makes self-reproduction possible is 
based on some as yet unknown chemical structure 
which ean be lost very easily. By way of analogy, 
one can say that a gene is a very delicate mechanism, 
random changes in which are more likely to spoil it 
than to permit its continued functioning, and far 
more likely to spoil it than to improve it. 

As a consequence, three kinds of changes in the 
genes ean be visualized: (1) Changes that make the 
gene unable to reproduce itself. Such a gene is no 
longer a gene; it is dead. This is doubtless the most 
frequent kind of change, which leads to losses of genes. 
(2) Changes that permit self-reproduction to occur, 
but that are not incorporated in the reproduction 
process. In other words, the copy formed is like the 
original, or ancestral gene structure, and not like the 
new one. Such changes are ephemeral, and are not 
detected by genetic methods. They do not infringe 
upon the dynamie stability of the gene as it has been 
defined here. Stanley was able to produce and to 
demonstrate such changes in the tobaeeo virus by 
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chemical methods. (3) Changes that allow self-repro- 
duction to continue and that are reproduced, or copied, 
in the daughter genes. Such changes are permanent 
and stable, in the same sense in which the ancestral 
gene structure was called stable. These are the muta- 
tions of genetics. 

Several environmental agents that speed up the 
mutation process are known: x-rays, ultraviolet radia- 
tion, high temperature, and certain chemicals. The 
effects of these agents are, however, unspecific, in the 
sense that they enhance the probability of occurrence 
of mutations of all kinds (although not necessarily to 
the same extent). In the last analysis, every mutation 
is caused by environmental influences, and there is no 
theoretical reason why geneticists could not eventually 
learn to induce at will specific mutations in specific 
genes. Such a feat may already be within our grasp 
in the type transformation of pneumococcus bacteria. 
But the interpretation of these transformations is not 
yet quite clear and, undeniably, complete control of 
the mutation process is still not in sight. 

The relations between mutations and the environ- 
ment will now be considered from a different point of 
view—that of relative reproductive efficiency of the 
unchanged and mutated genes, and of organisms carry- 
ing them. We have seen that a gene encroaches on 
the environment and transforms a part of it (food) 
into copies of itself. The efficiency of this process 
may be described in terms of the number of copies 
(progeny) created per unit of time. The greater the 
surviving progeny of an organism, the better this 
organism may be said to be adapted to a certain en- 
vironment. The process of differential perpetuation 
of different genes and genotypes is Darwinian natural 
selection. With respect to adaptedness, or fitness, 
three types of mutations may be distinguished. 

(1) The adaptedness of the mutant is lower than 
that of the ancestral form in all existing or attainable 
environments. If a mutant leaves fewer surviving 
descendants per unit of time than does the ancestral 
form, the number of individuals of the former will 
decrease relative to the number of the latter. No 
matter how small may be the disadvantage of the 
mutant, the end result of the process will usually be 
extinction of the mutant. Inasmuch as the outcome 
of selection is in this case elimination of the mutant 
and preservation of the orginal type of gene or organ- 
ism, this form of selection is a conservative force. It 
has been called by Schmalhausen “stabilizing selec- 
tion,” because it preserves the existing type of organi- 
zation. 

(2) The adaptedness of the mutant is higher than 
that of the ancestral form in all environments the 
species occupies or can reach. The outcome of the 
process of natural selection will here be the converse 


of the preceding case: the ancestral type will become 
extinct, and the environment will be monopolized by 
the mutant. An evolutionary change will have taken 
place, because a previously existent type is replaced 
by a new one. 

(3) The adaptedness of the mutant is higher than 
that of the ancestral type in some environments, but 
lower in other environments. The process of natural 
selection will in this case lead to elimination of neither 
the mutant nor the original type. Instead, the out- 
come of selection will be establishment of an equi- 
librium state, at which both the old and the new types 
of organization will continue to exist. The numbers 
and relative frequencies of the two types will depend 
upon the abundance of the two kinds of environments 
in the world and upon the absolute reproductive 
efficiencies of the two types of organisms involved. 
The outcome of natural selection will thus be a diversi- 
fication of the organisms existing in the universe. 
Two types will occur where only one lived before the 
change took place. This is the dynamie form of 
natural selection. 

Evolution of living matter is compounded of changes 
of the kinds just described. Evolution is utilitarian 
in the sense that organisms change in the process of 
becoming adapted to their environments. The adapta- 
tion is brought about by natural selection which, in 
turn, is the outcome of differential perpetuation of dif- 
ferent genotypes. Differential perpetuation is often 
styled “competition” and “struggle for life.’ Both 
expressions are metaphors, and have often been mis- 
construed. Imagine two species of bacteria or two 
genetic types of the same species of bacteria which 
multiply in the same test tube with nutrient broth. 
They are “competing” with each other in the sense that 
the more food one of them consumes, the less is left 
for the other. But the bacteria do not devour each 
other. When two species or varieties of grass occur 
in the same meadow they “struggle” with each other, 
in the sense that there is only a limited amount of 
space available for their growth. But this struggle 
does not involve anything like fighting in the human 
sense. Competition and struggle are emotionally 
loaded words, which are best avoided in discussions 
of causes of evolution. 

No less misleading is the expression “survival of the 
fittest,” which Herbert Spencer unfortunately coined 
to describe the operation of natural selection, and 
which became associated with something like the image 
of the Nietzschean superman. Now, fitness in the evo- 
lutionary sense, or adaptive value, as it is better called, 
does not necessarily connote even a superior ability of 
an individual to survive, and a lack of fitness in this 
sense is not synonymous with weakness or frailty. 
A superior adaptive value of one genotype over an- 
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other simply means that the carriers of the former 
leave, on the average, more surviving progeny than 
do the carriers of another genotype in the same envi- 
ronment. This superiority may result from the fact 
that individuals of one genetic type are stronger and 
more resistant to environmental hazards, and live 
longer than individuals of other genetic types. Or 
one type may be more sexually active or more fecund 
than another. Individual vigor and fecundity are not 
necessarily correlated, and a superior fecundity may 
compensate or even overcompensate for deficient vigor. 
This has indeed been observed in an experiment of the 
writer on some Drosophila fiies, in which natural selec- 
tion favored the spread of a type actually inferior to 
another type in viability between the egg and the adult 
stage, the second type being discriminated against by 
natural selection. 

The processes of mutation and natural selection have 
been described here as though they involved changes 
of individual genes. This may be strictly true only 
in some viruses, which have been styled “naked genes” 
because they seem to consist of a single molecular 
species. In organisms other than viruses, the geno- 
type is an integrated system of many kinds (“loci’’) 
of genes. Estimates ot the numbers of gene loci in 
higher organisms are of the order of thousands or tens 
of thousands. Most or all of these loci change from 
time to time by mutation, and are represented in popu- 
lations of a species by different variants (“alleles”). 
The constellation of gene alleles that an individual has 
consists of genes it has inherited from its ancestors or 
acquired by mutation of the. inherited genes. The 
genes do not determine parts of the body, organs, 
traits, or even independent physiological processes. 
The entire genotypic system defines the matrix of the 
development of the organism as a whole. The devel- 
opment is apparently epigenetic, not preformistie, al- 
though preformism appeals to the thinking of many 
biologists, and many overtly or covertly preformistie 
theories are still current in biology. In any ease; it 
is generally agreed that the adaptive value of a geno- 
type in an environment is a property of the genotype 
as a whole, and not a simple sum of the values of its 
constituent genes. A gene, A, may be deleterious in 
combination with B, neutral with C, and useful with D. 

Mendel showed that the variety of genotypes created 
in the process of sexual reproduction is staggeringly 
great. Ifa species has n genes, each represented by 
X variants (alleles), the number of genotypes possible 
in such species is X". With » of the order even as 
low as 1000, the number of possible genotypes is im- 
mense. Sexual reproduction is an unbelievably effi- 
cient trial and error mechanism because it creates 
countless new genotypes to be tested by natural selec- 
tion. Because of the high efficiency of sex in the per- 


formance of this biological function, sexual reprodue- 
tion has become established in most organisms as the 
normal method of propagation. Natural selection has 
evolved and perfected sex because it proved to be a 
basic adaptation which makes other adaptations more 
readily available. One of the most ridiculous features 
of the “dialectical” theory of Lysenko is his belief 
that the magic of sex “invigorates” the organism; his 
rejection of the gene theory has landed Lysenko in 
primitive animism. He fails to understand that it is 
the relative stability of genes that makes life possible, 
but that the stability is combined with a remarkable 
freedom in the creation of new genotypes in the 
process of sexual reproduction. The conservatism of 
heredity is balanced by the creativeness of sex. 

The relationships between environment and evolu- 
tion are subtle enough to make them often misunder- 
stood. Evolution is controlled by the environment 
on two levels, and yet the environment cannot be said 
to impose changes on living species. The first level 
is that of mutation. The second is that of natural 
selection. The most accurate, although metaphorical, 
way of describing the dependence between evolution 
and environment is to say that environment provides 
the challenges to which organisms may or may not 
respond by adaptive modifications. 

Mutations are, in the last analysis, physicochemical 
alterations in the genes or chromosomes; hence they 
cannot be wholly independent of the environment. 
And yet mutations are described as random and un- 
directed changes. These adjectives mean that muta- 
tions arise regardless of whether or not the organism 
needs them for purposes of adaptation, and irrespec- 
tive of whether the change may or may not be useful 
in some existing or possible environment. To suppose 
otherwise is to believe in magic. But the kinds of 
mutation that occur in any one gene are a funetion 
of the structure of that gene. Now, every gene is a 
product of a historical development extending from 
the dawn of life to our day. This development has 
been under the control of natural selection, hence of 
the environment. The structure of a gene is a distil- 
late of its history, and the mutations that may occur 
in a gene are determined by the succession of environ- 
ments in which that gene and_jits ancestors existed 
since the beginnings of life. The environment pre- 
vailing at the time mutation takes place is only a com- 
ponent of the environmental complex that determines 
the mutation. 

Between the oceurrence of mutation and the realiza- 
tion of an evolutionary change in a living population 
is interposett the domain of processes of population 
dynamics. The most important process in that do- 
main is natural selection. The superiority of one 
genotype over others in adaptedness is clearly a fune- 
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tion of the environment in which the process of selec- 
tion is enacted. Nevertheless, natural selection in- 
volves a unique kind of interaction between the organ- 
ism and the environment, the outcome of which de- 
pends upon both interacting variables. Similar envi- 
ronments therefore do not necessarily produce sim- 
ilar organic types. For example, deserts in different 
parts of the world are inhabited by many remarkably 
parallel adaptive types of animals and plants. The 
similarity of cacti in American deserts and certain 
euphorbias in South Africa is impressive. And yet, 
some of these adaptive types are missing in some 
deserts where the environment seems propitious for 
them. Their absence in appropriate environments is 
really no more surprising than the fact that human 
civilizations which have developed in similar environ- 
ments are so often different. Organic evolution, like 


the genesis and development of human civilizations, 
is irreversible and unrepeatable. In the case of or- 
ganie evolution, we now begin to discern the reason 
for this. A mutation is, in general, reversible and 
recurrent; in other words, the gene A mutates from 
time to time to a, but a mutates back to A with an 
equal or different frequency. If the gene A is adap- 
tive in summer, for example, and a adaptive in 
winter, the selection favoring A during one season 
may be undone during the next season. But when 
many genes have mutated, and when natural selection 
has established a new and harmonious genotype in- 
cluding these mutants, the probability of reversion or 
of repetition of the process becomes negligible. Evo- 
lution becomes irreversible and unrepeatable as it 
ceases to be a physiological process and becomes a 
historical process. 


Based on an address read before the joint meeting of Section 
L of the American Association for the Advancement of Science, 
the American Philosophical Association, and the Philosophy of 
Science Association, on December 30, 1949, in New York City. 
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THEROSCLEROSIS is generally considered 
to be the major disease of this era. Its 
consequences in the coronary, cerebral, and 
peripheral arteries, in the form of occlu- 

sive phenomena, are responsible for more death and 
disability than any other disease. In spite of much 
study and research there is still no agreement con- 
cerning the sequence of pathogenetic events, etiol- 
The not-too- 
rare occurrence of coronary artery occlusions (almost 


ogy, or treatment of atherosclerosis. 


always a consequence of atherosclerosis) in young 
men from 20 to 40 years of age testifies to the fallacy 
of the idea, still prevalent, that atherosclerosis is a 
problem of the aged or senile. For the male it is a 

1 This work was supported (in part) by the Atomic Energy 
Commission and the United States Public Health Service. 
The authors wish to acknowledge with gratitude the gener- 


ous and invaluable advice and assistance given by Profs. 
Hardin B. Jones and John H. Lawrence. 


real threat in the prime of life. The absence of the 
disease at autopsy in many persons who have survived 
to be octogenarians is eloquent evidence that athero- 
sclerosis should be regarded as a disease and not as 
an inevitable consequence of aging. 

For many years it has been known that cholesterol 
(and its esters), phospholipids, and fatty acids are 
prominent components of early atheromatous lesions, 
whereas secondary pathological processes supervening 
may alter the relative preponderance of certain of 
these substances in late lesions. Some workers have 
indicted exogenous (dietary) cholesterol for the pro- 
duction of the disease, while others have denied the 
significance of this source of cholesterol, on the basis 
that large quantities of cholesterol may be endoge- 
nously synthesized from such precursors as water and 
acetate. The suggestion has also been made that ath- 
erosclerosis is the result of the chylomicronemia which 


meals. No agreement has been in sight, 


follows 
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largely because no objective means for the evaluation 
of conflicting ideas has been available. 

In any effort to formulate a concept of this disease 
process one must take cognizance of certain well-estab- 
lished clinical and experimental observations and de- 
termine whether a new concept is in harmony with 
such observations. We shall describe briefly several 
pertinent features of atherosclerosis and then attempt 
to show that our experiments and the ideas we have 
evolved therefrom do provide a reasonable picture of 
some aspects of this disease. 

A. Blood cholesterol levels. Myriad determinations 
of blood cholesterol levels have been made by workers 
all over the world in an effort to show whether or not 
the blood cholesterol (free or esterified) is elevated 
in those patients who develop atherosclerosis. The re- 
sult remains highly controversial. 
claim a significant elevation in blood cholesterol level 
for a majority of patients with atherosclerosis, 
Cer- 


tainly a tremendous number of people who suffer from 


Some workers 


whereas others debate this finding vigorously. 


the consequences of atherosclerosis show blood choles- 
terols in the accepted normal range. There does exist 
a group of disease states (including diabetes mellitus, 
nephrotic nephritis, severe hypothyroidism, and essen- 
tial familial hypercholesteremia) in which the blood 
Such 
patients do show, in general, earlier and more severe 
atherosclerosis than the population at large. Yet no 
bridge has been established between this relatively 


cholesterol level may be appreciably elevated. 


small group and the vast population of individuals 
with normal blood cholesterols from which the major- 
ity of victims of atherosclerotic disease are drawn. 

B. Experimental atherosclerosis in rabbit. 
Anitschkow (1) demonstrated that cholesterol feeding 
in the rabbit results in the production of hyperecholes- 
teremia and of a lesion in the arteries greatly resem- 
bling the human atherosclerotic lesions. Controversy 
has existed in the literature since Anitschkow’s work, 
criticism of the significance of his experiments having 
centered largely around the fact that the rabbit is 
herbivorous and hence ordinarily ingests essentially 
no cholesterol. It is our opinion that pertinent clues 
to the human problem are obtainable from cholesterol- 
induced atherosclerosis in the rabbit. We shall en- 
deavor to detail the observations and ideas on which 
this opinion is based below. 

C. Incidence of atherosclerosis in humans. The 
common medical knowledge that the incidence of ath- 
erosclerosis, its severity, and its complications increase, 
in general, with age must be accounted for in any 
over-all concept of this disease. This must be done 
while still reckoning with the observations that severe 


atherosclerosis may be seen in young individuals, espe- 
cially males, and that at autopsy many persons of all 
age groups may be free of atherosclerosis. Another 
unexplained but striking fact is the oceurrence of 
coronary artery occlusions (secondary to atheroscle- 
rosis) in males far more frequently than in females, 
this differential being most pronounced in the age 
group below 40 years and decreasing steadily with in- 
creasing age above 40 years. 

It is reasonably certain that the variation in ana- 
lytical blood cholesterol levels in the groups just dis- 
cussed fall far short of affording an adequate explana- 
tion of the facts regarding incidence of the disease. 

D. Occurrence of atherosclerosis in association with 
As a group, diabetie patients are 
more susceptible to early and severe atherosclerosis 
than is the population in general. It has been stated 
by authorities on diabetes that atherosclerosis and its 
complications represent the major problems facing di- 
abetics now that insulin is available to prevent fatali- 
ties due to the diabetes itself. Hypercholesteremia 
alone does not account for the extraordinary suscepti- 
bility of diabetics to atherosclerosis. 


diabetes mellitus. 


Some two years ago the present group of authors 
undertook a physicochemical investigation of those 
giant molecules of serum which may be composed of 
cholesterol, its esters, phospholipids, fatty acids, and 
protein as building blocks. The basic premise was 
that it is entirely possible that a defect might exist in 
certain of these giant molecules, which could be re- 
sponsible for the development of atherosclerosis, 
whereas the mere analytical levels of any of the build- 
ing blocks in serum might be of little or no signifi- 
cance. Thus, in a sense, it would not necessarily be 
any more logical to study the total level of serum 
cholesterol if we are interested in a particular mole- 
cule containing cholesterol than it would be to study 
serum alanine or glycine levels if it were serum al- 
bumin about which we are concerned. The instrument 
we found to be of greatest service in this research has 
been the preparative and analytical ultracentrifuge 
(Spineo Model E). Gofman, Lindgren, and Elliott 
(3) and Lindgren, Elliott, Gofman, and Strisower (4) 
have explained the ultracentrifugal situation with re- 
spect to the lipids and lipoproteins of rabbit and hu- 
man serum and have shown how the ultracentrifuge 
may be used to characterize certain physicochemical 
properties of these components in the native state. 
Our subsequent work has revealed that a considerable 
diversity of components exists in the low density 
group heretofore known as the B,-lipoprotein. Since 
the research with rabbit atherosclerosis gave us per- 
tinent leads with respect to the human problem, this 
aspect of the work will be described first. 
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Serum lipid and lipoprotein changes. Normal 
rabbits (4) show a lipoprotein of hydrated density 
1.03 g/ml in their serum. This lipoprotein contains 
approximately 30 percent cholesterol? by weight. Ul- 
tracentrifugally it appears as a single component of 
flotation rate between 5 and 8 Svedberg units under 
our specified conditions.* 

On feeding rabbits three grams of cholesterol per 
week a highly interesting sequence of events occurs, 
which we believe has a direct bearing on the develop- 
ment of atherosclerosis in these animals. The initial 
increment in serum cholesterol during the feeding is 
manifested by an increase in the concentration of the 
previously existing 5-8 S; component. The level of 
this component may increase as much as fourfold. 
In other rabbits, however, following the initial in- 
erease in level of the 5-S S,; component, a series of 
new cholesterol-bearing giant molecules appear in the 
serum, including several detectable components, of 
S,; class 10-30 (in some cases components of even 
higher S; values appear). Meanwhile, as these new 
components develop the level of the 5-8 S, molecule 
is maintained at an approximately constant value, the 
serum cholesterol increment thereafter being essen- 
tially all in the form of the molecules of higher S; 
values. Any particular rabbit may show any number 
(from none to all) of the new components, in spite of 
the fact that this animal receives the same maintenance 
ration of cholesterol as do all the other animals. Sera 
or sodium chloride solutions containing high concen- 
trations of the molecules just described scatter light 
intensely (are turbid). This is worthy of note, since 
many authors erroneously attribute the turbidity to 
the presence of chylomicrons. In fact, at no time in 

2? All analytical cholesterol determinations were made by 
the method of Schoenheimer and Sperry. 


2In referring to molecules that move against a centrifugal 
field (as they do when they are of lower density than that of 
the medium in which they are dissolved) we shall speak of 
flotation, instead of using the more cumbersome term, nega- 
tive sedimentation. The Svedberg unit (1 S equals 107° 
em/sec/dyne/g) will be used. Thus a molecule described as 
having a fotation rate of 20 S units under our specified con- 
ditions will be referred to as a molecule of the 20 S¢ class, 
ete. All the runs reported here were made at a temperature 
of 27° +2° C in a sodium chloride solution of density 1.0625 
(unless otherwise stated), using low density substances pre- 
viously isolated by differential preparative ultracentrifuga- 
tion. Flotation rates have not been converted to a value 
corresponding to the Se.w value of sedimentation runs, since 
we feel it may ultimately prove more valuable to retain the 
data in the form obtained rather than to add much unneces- 
sary calculation and back calculation. No conclusions re- 
ported here will be influenced by corrections for concentra- 
tion, viscosity changes due to slight temperature difference 
between runs or by the Ogston-Johnston effect, since such 
corrections are outside the range involved in our considera- 
tions. 


the course of cholesterol feeding is a large fraction of 
the cholesterol in rabbit serum transported in the form 
of chylomicrons. The literature reports (2, 5) which 
indicate that chylomicrons contain cholesterol may be 
in error because the methods of obtaining the chylomi- 
cron fraction for analysis would allow considerable 
contamination with the much lower molecular weight 
molecules we have described in this section. 

The new components that appear in rabbit serum 
with cholesterol feeding are differentiable by their 
flotation rates, and in addition by virtue of the fact 
that their hydrated densities are 1.01 and less, in 
contrast to the value 1.03 for the molecules of the 
5-8 class. 


a, human a, rabbit 


b, rabbit 


c, humon 


Fic. 1. Ultracentrifugal flotation diagrams of lipids and 
lipoproteins of the human and rabbit. The normal rabbit 
(1a’) shows only a lipoprotein of the S¢ 5-8 class, but during 
cholesterol induction of atherosclerosis develops additional 
components of the Se 10-30 class (1b’ and 1c’). The human 
may show only a single lipoprotein of the 3-8 Sr class (1a), 
or components of the St 10-20 class may be present in vari- 
able degree (1b and 1c). The vertical bar through the main 
inverse peak in (la, 1b, and 1c) represents a region of re- 
fractive index gradient in the cell so great that an entering 
light beam is thrown out of the optical system. The pres- 
ence of this bar does not interfere with the resolution of the 
Se 10-20 components. All analytical runs were made at a 
rotor speed of 52,640 rpm in a cell of 0.8-ce capacity. 
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MOLECULES OF S, 10-30 CLASS 
[_] wocecues oF sy 5-8 cuass 


SEVERE ATHEROSCLEROSIS 


SERUM CONCENTRATION OF Sq 5-8 AND S¢ 10-30 MOLECULES IN MILLIGRAMS PERCENT 


Fic. 2. 
atherosclerosis (as determined by autopsy) to the concentra- 


Plot showing the relationship of severity of 


tion of Se 5-8 and Sr 10-30 classes of molecules. Each 
number (plotted horizontally) refers to an individual rabbit. 


The entire group of rabbits was autopsied after 15 
weeks of cholesterol feeding. It was found that those 
rabbits failing to develop high levels of the compo- 
nents of S, greater than 5-8 units showed no gross 
atherosclerosis or showed minimal atherosclerosis, 
whereas mild to severe atherosclerosis developed in 
those with high concentrations of the molecules of the 
S; 10-30 class (see Figs. 1 and 2). From the obser- 
vation that all the rabbits attained comparable levels 
of the 5-8 S,; component but showed widely varying 
degrees of atherosclerosis one can suggest that prob- 
ably this component is not a guilty one. On the other 
hand, the correlation between the development of se- 
vere atherosclerosis and the presence in blood of high 
concentrations of components of the S, 10-30 class 
suggests that at least some of these components either 
are the molecules which deposit in atheromatous 
plaques or are a reflection in the blood of the meta- 
bolic abnormality which results in cholesterol-induced 
atherosclerosis. Direct evidence as to the deposition 
of these molecules in plaques is now being obtained 
by a combination of the ultracentrifugal approach 
with labeling of the various lipid and lipoprotein com- 
ponents, with P%? incorporated inte the phospholipid 
and H® incorporated into the cholesterol. 


Components of S, greater than 8 S do not appear 
in serum until 30-40 days after the initiation of cho- 
lesterol feeding and, further, such components do not 
appear in appreciable concentration until the total 
serum cholesterol has reached approximately 200-250 
milligrams percent. It has been known a long time 
that experimental rabbit atherosclerosis shows a “la- 
tent” period of about 40 days after initiation of feed- 
ing and that atherosclerosis is rare or minimal in 
experiments of this duration in rabbits whose total 
serum cholesterols never rise above 250 mg%. The 
correlation between our observations and the older 
data lends further plausibility to the suggestion that 
the molecules of the S, 10-30 elass are those intimately 
involved in the production of atherosclerosis. 

One point is worth noting with respect to the size 
of these molecules. Flotation rates higher than 8 S, 
do not infer that the components moving with such 
rates are of higher molecular weight than the 8 S, 
molecules. For two molecules of density 1.00 and 1.03 
floating in a medium of density 1.06, there will be ap- 
proximately a twofold difference in flotation rates 
with no difference in molecular weights, assuming iden- 
tical shape factors. The shape factors and molecular 
weights are now being determined upon isolated ultra- 
centrifugal components from rabbit serum by the sup- 
plementary study of their diffusion and viscometric 
properties. 

Human ATHEROSCLEROSIS 

In parallel with the studies of rabbit hypercholes- 
teremia and atherosclerosis an investigation of the 
types of low density molecules present in human se- 
rum has been earried on, including those present in 
individuals with and without known atherosclerotic 
disease. It was of course obvious to search for pos- 
sible similarities in the meclianism of cholesterol trans- 
port in the human on feeding ad libitum and in the 
rabbit fed cholesterol. The correlation between the 
findings in the human and the rabbit appear even 
more extensive than might have been hoped for and 
enable us to present a somewhat unified concept of 
certain aspects of the nature of atherosclerosis in both 
species. 

There are present in the isolated low density group 
of molecules from many human sera components of 
flotation rate (under our specified conditions) greater 
than 70 S, which may correspond to the class of chy- 
lomicrons, and in addition, components of hydrated 
densities less than 1.00 whose flotation rates are be- 
tween 40 and 70 S units. These components are 
markedly influenced by the relationship between the 
time of drawing the blood samples and the time and 
character of previous meals. For the present diseus- 
sion of atherosclerosis no further reference will be 
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made to these components. There is also present in 
every one of some 600 sera studied at least one low 
density lipoprotein, of S,; value between 3 and 5 units 
(the S, of this component varies from individual to 
individual), the hydrated density of which is in the 
range 1.03-1.04 g/ml. 
days) the level of this component and its properties 


Over short periods (a few 


appear uninfluenced by previous meals. 

In addition to the components just described, there 
are present in some sera, but not in all sera, low den- 
sity lipid and lipoprotein components, containing cho- 
lesterol, with flotation rates (under our specified con- 
ditions) in the S, 10-20 class (see Fig. 1). These 
components are easily differentiated from those con- 
stituting part of the lipemia of meals. It has been 
possible to show by runs of flotation versus density 
of medium that the components of higher S,; values 
are of lower hydrated densities than the major low 
density molecules of the 3-8 S, class. By differential 
ultracentrifugation in solutions of graded density, we 
have been able to isolate the individual molecular spe- 
cies in a state of reasonable ultracentrifugal homoge- 
neity and to do some studies of chemical composition. 
Molecules in the 8; 10-20 class contain approximately 
30 percent cholesterol by weight, but contain little or 
no protein, in contrast to the major low density group 
of 3-8 S, class, which show a protein content of 25 
percent by weight. 

Study of several groups of individuals with respect 
to the presence of molecules of the S; 10-20 class in- 
dicates that the presence of these molecules in the 
serum of humans is related to the development of ath- 
erosclerosis. The following groups of individuals have 
been investigated: 

a. Young women without known disease, from 20 
to 40 vears of age. 

b. Young men without known disease, from 20 to 
40 vears of age. 

c. Women without known disease, from 40 to 70 
years of age. 

d. Men without known disease, from 40 to 70 years 
of age. 

e. Diabetic females without additional known dis- 
ease, from 25 to 70 years of age. 

f. Diabetic males without additional known disease, 
from 35 to 70 years of age. 

g. Female patients with a proved myocardial in- 
farction, from 50 to 70 years of age. 

h. Male patients with a proved myocardial infare- 
tion, from 30 to 70 years of age. 

Since more than 95 percent of myocardial infare- 
tions occur in individuals whose coronary arteries are 
atherosclerotic, a group of patients who have had an 
unequivocal episode of this type should represent ex- 


cellent material for the evaluation of the significance 
of S, 10-20 molecules with respect to atherosclerosis. 
To preclude the criticism that metabolic upsets during 


ONE OBSERVATION ONLY 


PERCENT OF CASES SHOWING MEASURABLE 
CONCENTRATIONS OF MOLECULES 


FEMALES 


Fic. 3. The above histograms indicate the percentages of 
cases showing measurable concentrations of St 10-20 mole- 
cules in serum by age, sex, and history of myocardial infare- 
tion or diabetes mellitus. Males and females without known 
disease are compared with proved myocardial infarctions by 
age increments of 20-29, 30-39, 40-54, and 55 to 70 years 
inclusive. The frequencies of these molecular types in dia- 
betic group are presented by the ages of 20-39, 40-54, and 
55-70 years for females and 35-70 years in the small sample 
of diabetic males. ‘No cases studied” is used to denote that 
no myocardial infarctions in the particular age categories 
involved were available. 
the period of recovery from an acute infarction might 
alter the picture, or that any drug therapy might do 
the same, no cases were studied unless the infarction 
had occurred at least six weeks before blood was 
drawn for study. The criteria required for inclusion 
in this group were (a) a typical clinical history of a 
myocardial infarction, (b) typical laboratory findings 
during the episode, and (e) electrocardiographic 
changes characteristic of myocardial infarction. Pa- 
tients in borderline categories with respect to any of 
the criteria were excluded. Patients with myocardial 
infarction and coexistent hypertension were excluded 
in the effort, for the present, to eliminate any obscur- 
ing of the data by the hypertensive state. In all, 104 
patients with myoeardial infarctions, including 87 
males and 17 females, were chosen for this study. 

The data in Figs. 3 and 4 summarize all the findings 
for all of the groups examined with respect to the 
presence and concentration of molecules of the S; 
10-20 class. The following conclusions are drawn 
from these data: 


a. The incidence of measurable concentrations of 
molecules of the S; 10-20 class is significantly higher 
in males from 20 to 40 years of age than in females of 
the same age group. Assuming that these S, 10-20 
molecules reflect the metabolic disturbance which re- 
sults in atherosclerosis, these data are in accord with 
the fact that females of this age group are much less 
likely to show significant atherosclerosis than are the 
corresponding males. 
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Fis. 4. 


Presented by scatter diagram are concentrations 
of St 10-26 molecules in individual cases grouped by physio- 
logical categories. Selection of bloods for analysis have been 
limited to 20-70 years in order to increase the numbers that 


could be studied in this age span. The limit of resolution, 
» milligrams percent, has been drawn and those determina- 
tions that are essentially “zero” are placed below this limit. 
No concentrations of these St 10-20 molecules were found 
present below the measured concentration of 7.5 milligrams 
pereent. 


b. In the age group over 40 years, normal males 
and females both show significant increases in the in- 
cidence of measurable concentrations of molecules of 
the S,; 10-20 class as compared with the corresponding 
younger age groups. Further, the differential between 
the sexes in the older age group is lessened compared 
with that in the younger age group. These observa- 
tions are both consistent with the clinical observations 
that atherosclerosis increases in frequency with age 
in both sexes, and that the differential decreases with 
increasing age. 

ce. The data indicate a probably higher incidence 
of measurable concentrations of molecules of the S,; 
10-20 class in diabetics than in the normals of the cor- 
responding age groups. However, in certain of the 
diabetie categories larger numbers of eases will be 
helpful in establishing significance. 

d. One hundred and one out of 104 patients with 
proved myocardial infarction show the presence of 


molecules in the S, 10-20 class in measurable con- 
centration. This would be fully anticipated if the S, 
10-20 class of molecules is directly related to the de- 
velopment of atherosclerosis. 


The observation that approximately 50 percent of 
presumably normal individuals in the age group over 
40 years show appreciable concentrations of S, 10-20 
molecules in their serum is expected from known 
pathological data (6), which indicate that approxi- 
mately half the people in this age group are develop- 
ing atherosclerosis, even though the disease is not 
clinically evident. The same type of reasoning holds 
for the other groups studied, including the diabetics. 

In the rabbit, components analogous in many re- 
spects to the S, 10-20 class of molecules of humans 
appear in serum as the result of dietary overloading 
with cholesterol. It was of interest, therefore, to 
know whether the dietary cholesterol intake might 
alter the level of concentration of the S, 10-20 mole- 
cules in persons whose serum contained them. Our 
preliminary study of a group of 20 patients whose 
diet we have restricted in cholesterol and fats has 
demonstrated that the concentration of the S, 10-20 
class of molecules is definitely reduced or even brought 
down to a level below resolution ultracentrifugally in 
17 of the cases strdied within two weeks to one month. 

The relationship between serum cholesterol levels 
and the presence of S; 10—20 molecules in serum. As 
mentioned earlier, analytical blood cholesterol levels 
have proved highly unsatisfactory as a measure re- 
flecting the occurrence or progress of atherosclerosis. 
We believe that our data may indicate the reason for 
this. A comparison of blood cholesterol levels as de- 
termined analytically (Schoenheimer-Sperry method) 
with the presence or absence of molecules of the S; 
10-20 class reveals that, although there is a general 
trend toward increased frequency of occurrence of 
such molecules in sera with cholesterols over 200 
mg%, this is by no means a universal finding. It is 
quite common, also, to find sera with cholesterol levels 
well below 200 mg% with appreciable or high coneen- 
tration of molecules of the S, 10-20 class. In fact, 
several sera studied with cholesterol levels between 
120 and 140 mg% show appreciable concentrations of 
these molecules. Further, it is common to find sera 
with cholesterol levels well over 200 mg% cholesterol 
without showing any measurable concentration of the 
S, 10-20 class of molecules. At a particular choles- 
terol level one person may show 25 percent of the 
total serum cholesterol in the form of S,; 10-20 mole- 
cules, whereas another person may show essentially 


none in this form. It should also be noted that the 


(Continued on page 186.) 
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Technical Papers 


On Projection as a Possible Source of 
Apparent Color in Sunspots 


James C. Bartlett, Jr. 


American International Academy, Baltimore 


That sunspots occasionally show definite colors is a fact 
attested by numerous observers dating back at least to 
Messier (4), who in 1759 reported a deep brown color in 
the notable sunspot of that year. Many competent ob- 
servers, however, have not conceded the objectivity of the 
observed colors and have ascribed them to illusions or to 
the secondary spectrum of objectives (5). The difficulty 
has been to account for them within the framework of 
accepted physical theories of the sun’s constitution. 

However the reconciliation is to be accomplished, such 
colors may be seen with reflectors as easily as with re- 
fractors, which fact greatly weakens the argument that 
they arise through the effects of the secondary spectrum. 
Moreover, two facts seem to suggest most strongly that 
some, if not all, of the observed colors are truly objec- 
tive: 1) they are seen chiefly during maximum sunspot 
periods and are generally confined to the largest and 
most active class of spots; and 2) they are comparatively 
rare. Thus, of 6,169 individual sunspots observed by the 
writer at Baltimore in 1948, only 22 were found to be 
colored. It is not easy to see why, if the colors are 
illusionary, they should not be seen much more frequently. 

Hitherto, the writer has been inclined to regard sun- 
spot colors as being due to radiation from the spot in 
selective wavelengths (1); but while this may account 
for umbral colors, it is not easy to assign such a cause 
when the color is in the penumbra. 

D. H. Menzel, in a letter to the writer referred to by 
Bartlett (2), suggests that color may also be due to the 
projection of chromospheric eruptions. A recent observa- 
tion by the writer tends to confirm this view very strongly. 

August 21, 1949, at 17h 24m, the writer observed a very 
large, irregular sunspot of F-1 type (Waldemeier elassi- 
fication) close to the equator in the northern hemisphere 
and almost on the solar meridian. The time given here 
is the mean time of observation, i., the mean of the 
sum resulting from the addition of the time when the 
observation began to the time when it ended. Actual 
times are given as follows: 

At 17h 10m the penumbra was found to be normally 
grayish with little contrast. The umbra was certainly 
black. At 17h 29m the penumbra was observed to be 
red-violet and the umbra appeared brown. At 17h 32m 
the penumbra suddenly became a bright red-violet, show- 
ing marked contrast with the photosphere. At 17h 36m 


the penumbra was again grayish with little contrast 
and the umbra again looked black. Between 17h 32m 
and 17h 36m color in the penumbra was observed to fade 
and brighten alternately several times. 


Although the writer had never seen this particular phe- 
nomenon before, it had been previously reported to him 
by at least two other observers on the writer’s granula- 
tion program; and Walter L. Moore, observing with the 
12.5-in. Clark reflector of the University of Louisville, 
had also reported colored areas in penumbrae, though the 
color had not been observed to fluctuate. 

While observing this phenomenon, it occurred to the 
writer that the appearances corresponded very well to 
what might be expected from the passage over the spot 
of a chromospheric area of varying density—hence the 
fluctuations—in brightness inferior to the photosphere but 
superior to the penumbra and umbra. Thus, Menzel’s 
suggestion of color by chromospheric projection appears 
to receive observational support. 

In this connection an observation recently made at 
Climax may perhaps be confirmatory. In October 1948, 
the writer observed rapid changes of color (not merely 
fadings and darkenings) and other phenomena in a large 
sunspot. A telegram was sent to Walter Orr Roberts in 
charge of the High Altitude Observatory of Harvard at 
Climax, urging spectroscopic examination of this spot. 
In a letter to the writer (3), Roberts reported marked 
phenomena ‘‘directly over the region of the sunspot’’ 
and presumably within the chromosphere. There was also 
observed a brilliant emission in the yellow at the coronal 
line 5694 A. Since this activity took place above the 
spot, and therefore had a relatively dark background for 
projection, it seems quite possible that color effects might 
have been noticed which seemed to be in the spot itself. 
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The Frequency of Beat of Sperm Tails 


Don Ritchie 


Botany Department, Barnard College, 
Columbia University, New York City 


Since Bidder (1) in 1895 estimated the vibrational 
frequency of choanocyte flagella, several methods of 
measuring the rate of ciliary beats have been devised, 
and a number of readings have been made on vibratile 
parts of protozoa, molluscs, vertebrates, and arthropods. 
Bidder’s first approximation placed the rate at about 10 
beats per sec, but he later (2) recorded 5 beats per sec 
in Grantia, giving at the same time the opinion that a 
healthy frequency ought to be closer to 20 beats per sec. 
Gray (3) measured beats of cilia and flagella, ranging 
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from 5 per min for Noctiluca to 1200 for a sponge choano- 
eyte, though the lower frequency has been questioned by 
Lowndes (10). Gray (4, 5), using a mechanical strobo- 
scope combined with a motion picture camera, later estab- 
lished a rate of 5-16 vibrations per sec in cilia from the 
gills of the mussel. An electrie spark of a duration less 
than 0.0001 see was used with a shutterless camera by Jen- 
nison and Bunker (7) to record movement of the cilia of 
clam gills) Hammond (6) measured the beat of cilia 
of several protozoa by means of a shuttered stroboscope 
and found, at 20°-24° C, a range from 6 or 8 per sec 
for Vorticella up to 42 per sec for Stentor. Lucas and 
Douglas (11) by direct observation with continuous light 
counted 2.2—5.2 beats per sec in cilia of a turtle’s trachea. 
Lowndes (8-10) photographed moving flagella with a 
high speed motion picture camera which exposed 60 
frames a sec with an exposure of 1/8000 sec, and recorded 
frequencies of about 7-12 beats per sec in several flagel- 
lates. Pease and Kitching (17), in a study of the effects 
of hydrostatic pressure on ciliary speed, used a variable 
speed, slotted, rotating disk similar to that used by most 
previous investigators. They reported that the cilia of 
mussel gills generally beat between 600 and 700 times 
per min. Except for Lowndes (8), who studied the 
sperms of an ostracod, apparently no investigator has 
measured the rate of flagellar vibration of sperms. 

In the present study, human sperms were mounted in 
spermatic fluid at a temperature of 32° C and observed 
in dark field, illuminated by stroboscopic light.1 The 
instrument used furnishes an intense light of very short 
duration, and can be simply and instantly regulated to 
produce flashes from 600 to 14,500 times per min. If 
the frequency of the flashes is the same as the frequency 
of the beat of the tail, one apparently motionless tail 
is visible. If the frequency of the flashes is twice that 
of the tail, there are apparently two tails. If the flash 
frequency is half that of the tail, then again one tail ap- 
pears, but this rate will not be confused with the rate 
which obtains when flash and tail frequencies are the 
same if one bears in mind that, in the latter case, dou- 
bling of the fiash frequency produces a double tail image. 

Unlike most flagellated cells, the sperm cell does not 
move forward at a steady rate. Further, the tail does 
not beat with a simple harmonic motion. The sperm 
progresses in irregular jerks, each burst of speed last- 
ing less than a second. It is during the moment of 
greater speed that the frequency of the vibrating tail 
ean be determined, while between spurts of speed, the 
cell moves more slowly and the beat of the tail is so 
slow that I could not measure it stroboscopically. There 
is no perfectly rhythmic alternation of the periods of 
slow and fast beat, nor is there complete uniformity of 
behavior from cell to cell. Many cells cannot be 
‘*stopped’’ with stroboscopic light because they seem 
to be altering their speed so often that it is impossible 
to tune in on any frequency. The lowest flash frequency 
at which a single image could be observed was 14-16 
per sec. With 25-28 flashes per sec, visibility improved 
because flickering was minimized, but during the mo- 


1General Radio Company, Cambridge, Massachusetts. 


ments when the tails were ‘‘stopped’’ they appeared 
double, due to the fact that the light was flashing twice 
during each period of vibration. The figures given are 
the extremes of a number of readings. That the double 
frequency is not exactly twice the single is probably due 
partly to inaceuracy of the method and partly to the 
fact that different cells were used for each reading, since 
I was not able to follow any single sperm long enough 
to make two readings on it. 

It is interesting to find that the tails of human sperm 
cells have a frequency of beat which is rather close to 
that of the cilia or flagella of clam gills or monads; but 
such a result is to be expected, since, in spite of the 
fact that these various cells are far separated in organic 
history, they are still of so much the same order of mag- 
nitude that the surprise would have come if they had 
proved to move at radically different speeds. 
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Action of Carboxypeptidase Toward 
Peptides Containing Unnatural 
Aromatic Amino Acids* 


Floyd W. Dunn? and Karl Dittmer 


Department of Chemistry, 
University of Colorado, Boulder 


Since §-2-thienylalanine has been found to inhibit the 
growth of certain organisms through interference with 
the metabolism of its analogue, phenylalanine (2, 3), it 
seemed of interest to prepare peptides containing this 
and other unnatural aromatic amino acids, and to deter- 
mine whether these peptide analogues would be antago- 
nistie to the action of isolated proteolytic enzyme systems, 
as well as to the growth of microorganisms. 

Carboxypeptidase from beef pancreas was selected as 
the enzyme to use in this study because it displays maxi- 
mum activity toward substrates derived from aromatic 
amino acids, and because it ean be isolated readily in pure 
form. Carbobenzoxyglycylphenylalanine (I) is hydro- 
lyzed by carboxypeptidase more readily than any other 
synthetic peptide, and its racemate has been suggested as 

1This work was supported in part by a research contract 
with the Office of Naval Research. 
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a standard for measurement of carboxypeptidase activity 
(5). Therefore, the compounds herein reported were 
fashioned after this peptide, and differ from it only by 
replacement of the benzene ring with other aromatic 
rings. 

The following compounds have been synthesized in 
racemic form: carbobenzoxyglycyl-B-2-thienylalanine (IT), 
(IIT), carbobenz- 
oxyglyeyl-B-2-naphthylalanine (IV), and carbobenzoxy- 
glycyl-p-methylphenylalanine (V). At this time we wish 
to report the action of carboxypeptidase toward each of 
these compounds; the syntheses will be reported else- 


where. 
CH, 
| 
Carbobenzoxyglycylphenylalanine (I) 
COOH 


| 


Carbobenzoxyglycyl-B-1-naphthylalanine (III) 


COOH 


| 


CH, 


CH; 


Carbobenzoxyglycyl-para-methylphenylalanine (V) 


Table 1 lists the results of the hydrolytic studies. 
From these data it is possible to conclude the following: 
compounds (III) and (IV), containing the large naph- 
thalene ring system, are quite resistant to hydrolysis; 
compound (II), containing the thiophene ring, is hy- 
drolyzed at about one-half the rate of its benzene ana- 
logue, according to the initial velocity constants; com- 


pound (V), containing the p-methylphenyl group, is 
hydrolyzed about as readily by carboxypeptidase as is the 
typical substrate (I) in which the phenyl group is un- 
substituted. 

Stahmann et al. (6) found that certain peptides which 
resisted hydrolysis would inhibit the hydrolysis of a typi- 
cal substrate when present in equimolar amounts. The 
data presented in Table 2 show the inhibitory effect of 
carbobenzoxyglycyl-B-2-naphthylalanine (IV) added in 
equimolar amounts to carbobenzoxyglycylphenylalanine 
(I). Simultaneous hydrolysis was carried out on (I) and 


cooH 
| 


Carbobenzoxyglycyl-B-2-thienylalanine (II) 


| 

CH, 


<? 


Carbobenzoxyglycyl-B-2-naphthylalanine (IV) 


(IV) separately, under the same conditions, for com- 
parison. 

The carboxypeptidase used in this work was prepared 
by the method described by Anson (1). The enzyme con- 
centrations given are based upon the rate of hydrolysis 
of racemic carbobenzoxyglycylphenylalanine (5). Each 
hydrolytic study was carried out in the following typical 
manner: 178 mg racemic carbobenzoxyglycylphenylala- 
nine was suspended in 2 ml phosphate buffer, pH 7.6, and 
solution was effected by making distinctly pink to phenol- 
phthalein with 1 N NaOH. The pH was reduced by the 
addition of 0.5 N acetic acid until the pink color just dis- 
appeared. The proper amount of enzyme suspension was 
added and the volume diluted to 5 ml. <A 1-ml sample 
for the blank was immediately withdrawn and added to 
9 ml of absolute alcohol, then reserved for subsequent 
titration. Hydrolysis was carried out at 37° C. The rate 
of hydrolysis was determined by titration of 1-ml samples 
by the alcohol titration method of Grassman and Heyde 
(4), using N/100 NaOH, with phenolphthalein as the 
indicator. The substrate concentrations were in each case 
0.10 mm of the racemic compound per ml; the percent 
hydrolysis was calculated on the basis of the concentra- 
tion of the L-isomer. 
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TABLE i 


RATE OF HYDROLYSIS OF SYNTHETIC PEPTIDES 
BY CARBOXYPEPTIDASE 


Ve- 
Hydrol- con- 
concen. Time 
Substrate ysis stant, 
10> min % K+ 
mg Te 
10° 
N/ml 
Carbobenzoxyglycylphenyl- 1.5 70 27 1.9 
alanine (I) 140 50 2.1 
27 30 17 2.6 
60 46 4.4 
13 63 3.3 
Carbobenzoxyglycyl-B-2- 1.5 70 13 0.9 
thienylalanine (II) 140 19 0.6 
255 31 0.6 
Carbobenzoxyglycy1-B-1- 2.7 30 0 
naphthylalanine (III) 60 2 
130 2 
7.0 25 0 
135 2 
Carbobenzoxyglycyl1-8-2- 3.4 30 1 
naphthylalanine (IV) 90 6 
Shr 11 
13.6 23 2 
70 9 
Carbobenzoxyglycyl-p- 2.7 30 17 2.6 
methylphenylalanine (V) 60 25 2.0 
130 52 2.4 


1 100 
* 
K = hydrolysis 


TABLE 2 


INHIBITION OF HYDROLYSIS OF CARBOBENZOXYGLYCYL- 
PHENYLALANINE BY CARBOBENZOXYGLYCYL- 
B-2-NAPHTHYLALANINE 


En- 
zyme 
concn. Time dr ol- 
Substrate ysis 
10+ min % 
mg 
N/ml 
Carbobenzoxyglycylphenyl- 13.6 23 63 
alanine 70 73 
17 hr 79 
Carbobenzoxyglycylphenyl- 13.6 23 15 
alanine plus carbobenzoxy- 70 54 
glycyl-8-2-naphthylalanine 17 hr 75 
Carbobeazoxyglycyl-f-2- 13.6 23 2 
naphthylalanine 70 9 
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Uptake of Radioactive Iodine by the 
Thyroids of Underfed Rats*? 


Joseph Meites and L. F. Wolterink*® 


Department of Physiology and Pharmacology, 
Michigan State College, East Lansing 


Thyroid activity in rats is depressed during starvation, 
an effect which has been attributed to a deerease in thyro- 
trophic function by the anterior pituitary (3,4). From 
a quantitative aspect, a recent report from this laboratory 
on the effects of thiouracil on the thyroids of starved rats 
and mice indicated that the decrease in thyroid activity 
may be directly proportional to the reduced body weight 
of these animals (1). In other words, thyroid activity 
appeared to remain unchanged in starved rats when com- 
puted on a body weight basis. 

We decided to test this finding further by administer- 
ing radioactive iodine to starved rats and comparing their 
thyroid uptake with that of controls fed ad libitum. 


TABLE 1 


EFFECTS OF UNDERFEEDING ON SURVIVAL, GROWTH, 
AND THYROID WEIGHTS OF RaTS 


23 

222 22 22 225 

On 45 438 <= 

Controls, fed 

ag 10 147.0 169.5 13.79 8.13+* 0.29 
Fed 3 ad lib. . 10 10 146.6 14835 10.34 7.00+ 0.42 
Fed 3 ad lib. . 10 10 145.5 126.6 8.97 T.0T+ 0.55 
Fed 3 ad lib. . 10 8 145.4 111.0 8.60 7.71+ 0.25 
No feed ..... 10 4 146.0 87.0 7.20 8.24+ 0.52 


* Standard error of mean. 


Fifty young female rats of the Sherman strain, weighing 
approximately 145 g each, were divided into five groups 
of ten each and were started on ad libitum, 3}, 3, 4, and 
no-feed regimens. The ?, 3, and } feed-allowanece levels 
were computed from the daily ad libitum feed consump- 
tion of the control group. The ration consisted of ground 
Purina Laboratory Chow. All rats were maintained in 
an air-conditioned room at a temperature of 75° F. 

The unfed group was sacrificed at the end of 7 days, 
and the other four groups at the end of 14 days. Eight 
hours prior to sacrifice, each rat was injected intraperi- 
toneally with 0.2 ml of carrier-free [™ (radioactive) esti- 
mated to contain approximately 2 pe. The thyroid of 
each sacrificed rat was removed, immediately weighed on 
a Roller-Smith balance and placed on the center of a 

1 Published with the approval of the Director of the Michi- 
gan Agricultural Experiment Station as Journal Article No. 
1071. 

2 This study was aided in part by a grant from the U. S. 
Atomic Energy Commission. 

2 The authors wish to express their thanks to J. O. Reed 
and C. C. Lee for technical assistance and statistical analysis 
of the data. 


I 
175 
‘Ge 
= 
: 


176 


SCIENCE 


February 17, 1950, Vol. 111 


small copper disk for counting. After allowing the thy- 
roids to dry thoroughly, each was counted separately with 
a thin mica (1.55 mg/cm?) end window counter. 

The data given in Table 1 show the expected effects of 
underfeeding on loss in body weight, the most severe 
weight losses occurring on the + and no-feed regimens. 
In these two groups, only eight and four rats, respec- 
tively, survived out of an original number of ten each. 
Thyroid weight was reduced in all the underfed groups, 
but remained relatively unchanged on the basis of a 100-g 
body weight. This confirms a previous report from this 
laboratory on the effects of underfeeding on thyroid 
weight in rats (2). 

The amounts of radioactive iodine taken up by the 
thyroids of each group of rats are given in Table 2. It 


TABLE 2 


EFFECTS OF UNDERFEEDING ON UPTAKE OF 
BY THE THYROIDS 


Avg Radioactivity in counts per sec 
uptake 
of Avg No. 
y.1 Avg No Avg No counts 
Group per counts counts eee 
thy- per per mg thyroid 
roid thyroid thyroid 100-g 
% body wt 


Controls fed ad 


7.9 20.05+1.52* 1.50£0.17* 12.01 +4 1.13* 


Fed 3 ad lib. . 6.1 16.7141.64 1.624015 11.28+1.07 
Fed 3 ad lib. . 5.0 18.264+1.32 1.5140.14 10.52+1.03 
Fed 3 ad lib. . 4.12 10.51+1.00 1.28+0.18 9.75+41.27 
No feed .... 3.2 8.92+0.39 1.30+0.08 10.23+0.57 


* Standard error of mean. 


ean be seen that the greatest amount of iodine, 7.9%, 
was taken up by the thyroids of the group fed ad libitum 
and progressively smaller amounts were taken up by the 
thyroids of the underfed groups. This was further shown 
in the actual number of counts obtained from the thyroids 
of each group of rats. The average number of counts 
per mg of thyroid tissue remained the same in all groups, 
indicating that underfeeding did not affect the concen- 
tration of iodine within the thyroids. On the basis of 
100-g body weight, the counts per thyroid were similar 
in all the groups, showing that the amount of radioactive 
iodine taken up by each of the underfed groups was 
directly proportional to body weight. 

It is well known that the thyroids of animals on diets 
deficient in iodine but otherwise adequate show a greater 
affinity for administered iodine than animals on iodine- 
adequate diets. To what extent the rats in this experi- 
ment were deficient in iodine as a result of underfeeding 
is unknown. However, these data support the conclusion 
that the primary effect of underfeeding is to reduce 
thyroid activity, and this effect is sufficient to overcome 
any increased affinity for iodine the thyroids may possess 
as a result of a possible deficiency in iodine intake. 

These data are believed to constitute further proof of 
the hypothesis that the reduction in thyroid activity dur- 
ing starvation in rats is directly proportional to the re- 


duced body weight of these animals. Whether these data 
would apply to rats during longer periods of starvation, 
or to rats of other age groups, cannot be answered at the 
present time. 
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Amide Constituents of 
Tobacco Mosaic Virus Protein 


William Stepka and William N. Takahashi 


Division of Plant Nutrition and Division of Plant 
Pathology, University of California, Berkeley 


The possible presence of amides in tobacco mosaic virus 
protein has received little attention, although considerable 
work (2-8) has been done to identify its constituent 
amino acids. Based on the rate of ammonia formation, 
a value for amide nitrogen of 1.9% was caleulated by 
Ross (7). No attempt, however, was made by him to 
characterize this fraction further. 

The work reported here was undertaken mainly to es- 
tablish the presence or absence, and if present, the nature 
of the amides occurring in tobacco mosaic virus protein. 
At the same time the work of others, reporting amino 
acids to be components of the virus, was confirmed. 

The analytical method of paper partition chromatog- 
raphy (1) was used and found to be particularly suitable 
for this work. Only a brief description of methods is 
given here. The technical aspects of the problem will 
be treated elsewhere in more detail. 

The tobacco mosaic virus used in these experiments was 
prepared from leaves of greenhouse-grown Turkish to- 
bacco plants which had been infected with the virus for 
20 days. The method of purification consisted of 3 cycles 
of alternate low speed and high speed centrifugations. 
The final preparation had a bluish-white opalescence and 
electron micrographs showed inappreciable impurities. 

The purified virus was subjected to enzymatic hydroly- 
sis, since amides are known to be converted to their re- 
spective amino acids by the common methods of chemical 
hydrolysis. Pancreatin was added to heat-denatured virus 
protein, the pH was adjusted to 8.0, and the preparation 
was then incubated at 33° C. Appropriate controls of 
enzyme added to water were carried simultaneously. The 
course of hydrolysis was followed by withdrawing aliquots 
at intervals and testing them by paper chromatography. 
After the 10th day of incubation, no further changes 
were observed. The preparations were then heated to co- 
agulate the enzyme and the resultant suspensions were 
cleared by filtration. 

The acid—HCl—and alkaline—Ba(OH).—hydrolyses 
were carried out in an atmosphere of nitrogen in sealed 
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acid hydrolyzate; right, alkaline hydrolyzate. 


Paper partition chromatograms of hydrolyzates of tobacco mosaic virus protein ; left, pancreatic digest ; middle, 
A-B, water-saturated phenol. 


A-C, n-Butanol-acetic acid-water. Spots: 1, 


cystine; 2, aspartic acid; 3, glutamic acid; 4, serine; 5, glycine; 6, asparagine; 7, threonine; 8, alanine; 9, tyrosine; 10, 
valine; 11, tryptophane; 12, leucine, isoleucine, and phenylalanine; 13, proline; 14, a peptide; 15, probably residual pro- 
tein ; 16, lysine; 17, arginine; 18, a-amino-n-butyric acid, believed to be an artifact probably originating from threonine. 


glass tubes. These were autoclaved for 6 hr at 15 lb 
pressure. Excess HCl was eliminated by evaporation, and 
the Ba(OH),. by precipitation with H.SOQ,. 

Each sample was chromatographed routinely in three 
solvent pairs. As the first solvent, water-saturated phenol 
was used invariably for all two-dimensional papers. For 
the run in the second direction, two solvents were em- 
ployed, either 2-4 lutidine (1 vol) thoroughly shaken in 
water (1 vol), or freshly prepared n-butanol-acetic acid- 
water. Spots were revealed by spraying the dried sheets 
with 0.1% ninhydrin in 95% ethanol. 

A chromatogram of the pancreatin digest is shown in 
Fig. 1 (left) ; the control gave only one faint spot in the 
position normally occupied by alanine. Asparagine, spot 
6, was first tentatively identified by position and by its 
characteristic rusty color with ninhydrin. Positive identi- 
fication was later achieved by demonstrating that the 
asparagine spot was intensified on both phenol/lutidine 
and phenol/butanol-acetie acid chromatograms by addi- 
tion of authentie asparagine to the spot at the origin. 

It was further shown that acid hydrolysis of the eluate 
from a cutout of the suspected asparagine spot resulted 
in its disappearance, with concomitant appearance of an 
aspartic acid spot. In Fig. 1 (left), the relatively weak 
spot due to aspartic acid (No. 2) compared to asparagine 
(No. 6) suggests that the virus protein contains more 
asparagine than aspartic acid. In the acid hydrolyzate 
(middle) the aspartic acid spot (No. 2) has been sug- 
gested by the conversion of asparagine to aspartic acid. 

A spot in the position usually occupied by glutamine 
was found in chromatograms of aliquots taken during the 
early stages (before the 7th day) of incubation. Since 
confirmatory tests were not made, position alone may not 
be a sufficient criterion for identification; there remains 
the possibility that the spot may have been due to the 
presence of a peptide in the incomplete hydrolyzate. On 
the other hand, glutamine, being a labile compound, may 
have been destroyed during the prolonged incubation. 

All of the amino acids previously reported to be con- 
stituents of tobacco mosaic virus protein have been iden- 


tified by paper partition chromatography. In addition, 
the presence of one amide, asparagine, has been demon- 
strated and the probable occurrence of a second, gluta: 
mine, has been suggested. 
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Effect of Hyaluronidase on the Subcutaneous 
Absorption of Electrolytes in Humans* 


Gilbert B. Forbes, Robert W. Deisher, Anne M. Perley, 
and Alexis F. Hartmann 


Department of Pediatrics, 
Washington University School of Medicine, 
St. Louis 


Although observations have been made in animals on 
the effect of testicular hyaluronidase on the subeutaneous 
absorption of isotonic saline (7), diodrast (9), diph- 
theria antitoxin (6), and plasma proteins tagged with 
radioiodine (2), studies on humans have been limited to 
measurement of the speed at which large subcutaneous in- 
fusions can be given. Whereas direct observation of the 
behavior of intradermal wheals (5, 8) is possible in hu- 
mans, exact data on subcutaneous injections are more 
difficult to obtain. Since hyaluronidase is currently be- 
ing used to facilitate the subcutaneous administration of 


1This investigation was aided by a grant from the Chil- 
dren’s Research Foundation. 


$ 

6 if 17 4 1 4 

|| 

5 


SCIENCE 


February 17, 1950, Vol. 111 


PER CENT OF INITIAL ACTIVITY IN INJECTION SITE 


was injected into the opposite forearm. Since the sub- 
jects varied considerably in weight and physique, it was 
obviously impractical to make the injections at a constant 
measured depth; however, a similar injection technique 
was used in each experiment. The disappearance rate of 
Na™ was determined by placing a Geiger tube, shielded 
by 2 mm of steel and connected to a counting rate meter, 
directly over the injection site and recording the gamma 
ray activity at frequent intervals. 

In Fig. 1 are plotted the results of seven experiments 
on infants and children in a normal state of hydration, 
together with the averages for all the subjects. Ordinate 
values are in terms of percent of the activity observed 
immediately following the injections. There was ¢on- 
siderable variation from one subject to another both with 
and without the enzyme; however, in any given subject 
the addition of hyaluro- 
nidase definitely hastened 
the disappearance of Na*! 
from the injection site. 
The advisability of using 
each subject as his own 
control is apparent, for 
in some of the subjects 
the disappearance rate of 
Na?! was at least as great 
in the control injections 
as it was in others after 
addition of the enzyme. 
Furthermore, use of the 
enzyme produced differ- 
ent degrees of accelera- 
tion in the disappearance 
rate in different subjects. 

In contrast to the defi- 
nite effect noted in the 
normally hydrated sub- 
ject, hyaluronidase did 


not appear to accelerate 


2 4 6 8 10 1S 20 
the subcutaneous absorp- 
MINUTES tion of Na* in ehil- 
vs , Fic. 1. Rate of disappearance of Na* in isotonic saline from subcutaneous injection dren with hypoprotein- 
site, Control ——-, average @: hyaluronidase , average ©- The numbers refer to . 
emic edema. 


individual subjects. 


fluids to infants and children (4, 5, 8), it seemed advis- 

able to quantitate its action on the absorption of elec- 

i trolytes. The following experiments were carried out 

with 0.9% NaCl containing radiosodium (Na*).?  Obser- 

vations were made on the rate of disappearance of Na* 

from the injection site by means of an externally placed 

Geiger counter, and on the serum Na* concentration fol- 
lowing subcutaneous injection. 

In the first group of experiments, 0.5 ml of saline solu- 
tion containing 0.5-1.0 ye of Na™ was injected into the 
subcutaneous tissues of one forearm of the subject; a 
similar amount of Na* to which had been added 25 tur- 
bidity reduction units of bovine testicular hyaluronidase* 


H was prepared in the Washington University cyclo- 
tron through the courtesy of A. A. Schulke and A. B. Phillips. 


* Hyaluronidase (‘‘Hyronase”’) was kindly supplied by the 
Schering Corporation, Bloomfield, New Jersey. 


In keeping 

with earlier studies on 
the disappearance of intradermal wheals (1), the few 
preliminary observations which we have made suggest 
that Na*™ is absorbed somewhat more rapidly in the 
edematous subject as compared with the normal and that 
the disappearance curves of the control and enzyme in- 
jections are very similar. 

In order to show that Na™ actually enters the blood 
from the subcutaneous tissues more rapidly under the in- 
fluence of hyaluronidase, serum levels were followed in 
several normal subjects. In these experiments 2 ye of 
Na* per kg body weight was injected into the thigh re- 
gion by the method described by Barnett (3). The total 
volume of isotonic saline used was 4 ml. Serum samples 
were dried in metal dishes and assayed with a mica end 
window Geiger tube connected to a sealing circuit. In 
Fig. 2 are plotted the data from four subjects, each of 
whom received control and enzyme injections (150 units) 
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on different days. Serum activity is expressed in terms 
of epm/ml divided by counts injected (10%) per 10 kg 
body weight after correction for decay. Here, too, there 
was considerable variation in rate of absorption from one 
subject to another, despite correction of the data to ¢on- 
stant body weight, but in each instance the serum Na* 
value rose more rapidly when hyaluronidase was used. 
From these observations, it is apparent that in the 
normally hydrated human subject, the rate of absorption 
of sodium ion from small volumes of subcutaneously in- 
jected fluid is enhanced by the addition of hyaluronidase. 
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The Light Reaction in the Bleaching 
of Rhodopsin* 


George Wald, Jack Durell, and Robert C. C. St. George 


Biological Laboratories of Harvard University, 
Cambridge, Massachusetts 


The absorption of light by rhodopsin in the retina re- 
sults in both the bleaching of the molecule and the excita- 
tion of rod vision. One could conclude at once that the 
bleaching of rhodopsin is the source of visual excitation, 
were it not a composite process. It consists of an initial 
photochemical change, followed by relatively slow thermal 
—i.e., ‘‘dark’’—reactions. The light process converts 
thodopsin to a highly unstable orange material (Lyth- 
goe’s ‘‘transient orange’’), which breaks down in light 
or darkness to a yellow mixture of retinene, and protein 
(Lythgoe’s ‘‘indieator yellow’’) (6, 8). In the retina 
these substances are involved in further changes, but in 
ordinary solutions of rhodopsin this is all that oceurs. 

The first product formed by the action of light on 
rhodopsin is removed so rapidly that early attempts to 
measure its spectrum led only to approximations (7, 8). 
In 1941, however, Broda and Goodeve reported an experi- 
ment that appeared to isolate the light reaction (72). 

These workers prepared solutions of rhodopsin in mix- 
tures of glycerol and water (3:1) such as Kiihne had 
examined more than 60 years before (3). On cooling to 
—73° C sueh solutions vitrify. The absorption band of 
rhodopsin was reported to shift about 10 my toward the 
red and to become much narrower in shape. On exposure 
to light at — 73° C, the absorption maximum moved about 
5 mu toward the blue, and fell some 12 % in height. This 
was the light reaction. The photoproduct remained stable 
at the low temperature. It did not appear to vary in 
spectrum between pH 6 and 9, confirming an earlier con- 
clusion of Lythgoe and Quilliam concerning transient 
orange. On warming to room temperature in the dark 
it decomposed spontaneously to indicator yellow. 

We have reexamined this behavior of rhodopsin at low 
temperatures. Spectra were measured with the Beckman 
spectrophotometer in a specially designed Dewar flask, 
silvered except for a window. The rhodopsin solution, 
well buffered in a glyeerol-water mixture (2: 1) was sus- 
pended inside the vessel in a quartz cell over liquid air 
or solid carbon dioxide. The temperature of the solu- 

l Supported in part by a grant from the Medical Sciences 
Division of the ONR. Low temperature experiments per- 


formed by Mr. St. George, those on rhodopsin films by Mr. 
Durell. Preliminary tests on rhodopsin films were also made 


by Lionel Jaffe. 
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Fic. 1. Bleaching of rhodopsin at low temperatures in a 


glycerol-water mixture (2:1). The spectrum was measured 
at 23° C and again at —45° C. The solution was then ex- 
posed to intense white light at the low temperature until 
all changes were completed (lumi-rhodopsin). It was then 
warmed to — 15° C in darkness, left at this temperature until 
all changes were completed, and recooled to —55° C prior to 
remeasurement (meta-rhodopsin). Finally the solution was 
warmed to room temperature in darkness, and the spectrum 
of the final product was measured. This was a mixture of 
regenerated rhodopsin and of retinene: (max 375 mp) + pro- 
tein in roughly equal amounts. All these spectra have been 
corrected for changes in volume of the solvent with the 
changing temperatures. 


tion was measured with a thermocouple immersed in it. 
Parallel experiments with cattle and bullfrog prepara- 
tions yielded similar results, with one small difference 
as noted below. 

A series of measurements made with cattle rhodopsin 
in neutral solution is shown in Fig. 1. The maximum 
absorption in the glycerol-water mixture at room tem- 
perature lies at about 500 mu. On cooling to —30°- 
-100° C, the maximum shifts progressively 5-9 mu 
toward the red, and rises 6%-14% higher than would be 
caused by contraction of the solvent; but the shape of 
the band changes very little. On exposing the solution 
to light at these low temperatures, the maximum shifts 
about 5 my toward the blue, rising about 5% in height 
in cattle rhodopsin, falling about this amount in frog 
rhodopsin, still with little change in shape. This is the 
light reaction. We shall call its product lumi-rhodopsin. 

If the solution of lumi-rhodopsin is warmed to about 
—20° C, a further change occurs in darkness. The ab- 
sorption band shifts another 7-9 my toward the blue, with 
little further change in height or shape. (The solution 
shown in Fig. 1 had been warmed to —15° C until all 
changes were completed, then recooled to —55° C for 
measurement.) We shall call this second product meta- 
rhodopsin. Neither its spectrum nor that of lumi-rho- 
dopsin changes consistently with pH, between pH 3.9 and 
10.1, nor is either substance affected appreciably by fur- 
ther exposure to light. Note that the change from lumi- 
to meta-rhodopsin at — 20° C is unmistakably a distinct 
process. Not only is no retinene, formed during this con- 
version, but absorption in the region of the retinene, 
maximum (about 375 my) tends to fall a little. 

On allowing the solution of meta-rhodopsin to rise to 
room temperature in darkness, it goes over to a mixture of 
regenerated rhodopsin and retinene, + protein in roughly 


equal amounts. On a second exposure to light at room 
temperature, the regenerated rhodopsin bleaches to a 
final mixture of retinene, and protein alone. 

The changes in color associated with the light reaction 
and with the further change to meta-rhodopsin are very 
small—from red to orange-red, with little change in depth. 
By merely looking at these solutions before and after 
exposure to light, one could not have been certain that 
any change had occurred at all. 

Many years ago, Kiihne observed that when retinas 
have been thoroughly dried over sulfuric acid, their 
rhodopsin scarcely seems affected by even an hour’s ex- 
posure to direct sunlight (5). It occurred to us that 
here, as in the cold, the light reaction might be completed, 
but with so little change in color as to escape notice. 

To examine this possibility we prepared dry gelatine 
films of rhodopsin of a quality suitable for accurate 
spectrophotometric examination. Weigert and his co- 
workers had prepared similar films in their studies of 
photodichroism (10). Solutions of frog or cattle rho- 
dopsin in 4% digitonin were mixed with one-third their 
volume of warm 10% gelatine, and were poured on heavy 
celluloid film. After setting, the film was dried in a 
desiccator over calcium sulfate (‘‘drierite’’) for at least 
3-4 days. By this time the rhodopsin film had curled off 
or could be peeled off the celluloid. All these operations 
were carried out in darkness or under dim red light. As 
blanks, similar films were prepared in which digitonin 
solution alone was substituted for the rhodopsin. 

Measurements made with a dry gelatine film of cattle 
rhodopsin are shown in Fig. 2. Bullfrog preparations 
exhibit almost identical behavior. The absorption spec- 
trum of rhodopsin in the film is remarkably similar to its 
spectrum in aqueous solution. The maximum lies at 495- 
498 mu. On exposure to a short, intense burst of light— 
in Fig. 2 the approximately 0.02-see flash of a photoflash 
lamp—the maximum shifts about 6 my toward the blue, 
and rises about 10% in height. This is lumi-rhodopsin. 
Within the next 15 min at room temperature in light or 
darkness the spectrum shifts a further 5-10 my toward 
the blue, simultaneously falling slightly in height. This 
is the conversion of lumi- to meta-rhodopsin. The meta- 
rhodopsin remains stable for days in the dry state, and 
is not affected by further exposure to light. On wetting 
the film with water, however, meta-rhodopsin goes over 
in the dark to a mixture of regenerated rhodopsin and 
retinene, + protein in roughly equal amounts. Prior to 
measuring the spectrum of this product, the film is re- 
dried. On reexposing the dried film to light, the regen- 
erated rhodopsin goes through the same changes as did 
the original pigment. 

Thus in the dry state, as in the cold, rhodopsin goes 
through the light reaction unhindered, and the dry photo- 
product also is converted slowly to meta-rhodopsin; but 
neither regeneration nor formation of retinene, ean occur. 

The bleaching of rhodopsin therefore involves the fol- 
lowing stages: Light converts rhodopsin to lumi-rhodop- 
sin. At temperatures in the neighborhood of —20° C, 
or at room temperature even in the dry state, lumi-rhodop- 
sin goes to meta-rhodopsin. The nature of these changes 
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Fic. 2. Bleaching of rhodopsin in gelatine film. The 
spectrum of rhodopsin was measured in a film dried over 
ealcium sulfate. It was then exposed to the instantaneous 
illumination of a photoflash lamp, and the spectrum recorded 
within the first minute thereafter (lumi-rhodopsin). After 
about 1 hr in darkness at room temperature the spectrum was 
remeasured (meta-rhodopsin). These changes were com- 
plete; a second exposure to a photoflash lamp produced no 
further effect. The film was then soaked in m/15 phosphate 
buffer, pH 7.2, for 10 min and redried, all in darkness. The 
spectrum of the final product shows a mixture of regenerated 
rhodopsin and of retinene: + protein in roughly equal amounts. 


is still obscure; one thinks of ionization or the forma- 
tion of a free radical, followed by molecular rearrange- 
ment, but this must await further study. Given access 
to water and a high enough temperature to permit thermal 
activation, meta-rhodopsin is transformed on the one hand 
to rhodopsin, on the other to retinene, and protein. 

This is not a wholly exhaustive description of the 
bleaching process under all conditions, but it probably 
goes as far with the early stages of bleaching as will be 
found useful. Our observations in extreme cold indicate 
complexities in the light reaction itself, not unexpected 
in so complex a molecule as rhodopsin. The primary rea- 
son for stopping with the stages we have named is their 
stability under specific conditions of bleaching. The rel- 
atively stable end product of bleaching rhodopsin at tem- 
peratures below — 40° C is lumi-rhodopsin. The relatively 
stable product of bleaching rhodopsin at about —20° C 
or in the dry state is meta-rhodopsin. The stable prod- 
ucts of bleaching ordinary solutions of rhodopsin at room 
temperature are retinene, and protein, or a mixture of 
these substances with regenerated rhodopsin if the solu- 
tions are replaced in darkness following irradiation. 

Further complexities can also be found in the later 
stages of bleaching. Im acid solutions (pH about 4) 
meta-rhodopsin yields an orange intermediate with max- 
imal absorption at about 440 mu, which is transformed 
only in the course of several hours at room temperature 
to retinene, (8). Also retinene, has the capacity to couple 
spontaneously with a wide variety of amino compounds 
(1). It is formed in association with rhodopsin-protein, 
and undoubtedly remains coupled in part with this mole- 
cule; but in part it also leaves this protein to go into the 
free state and to couple with other retinal molecules. One 
such reaction which has already been demonstrated in 
more complete systems than those just described is the 


migration of retinene, from rhodopsin-protein to the apo- 
enzyme, retinene reductase, prior to its reduction to vita- 
min A, (9). 

The light reaction, however, seems to possess much the 
same characteristics under all the circumstances we have 
explored. It proceeds at roughly the same rate at very 
low temperatures and in the dry state as in aqueous solu- 
tions in the warm. Accurate measurements made with 
dry films show it to be a first-order process, proportional 
in rate to the light intensity. These are the conventional 
properties of a simple photochemical process, the rate of 
which depends only upon the rate of absorption of quanta 
of light. When Hecht, years ago, found these properties 
in the over-all bleaching of rhodopsin in solution (4), it 
was because his experiments were performed in such a 
way that the light reaction was the limiting process. 

The observations we have described reveal a striking 
parallel between the bleaching of rhodopsin and the pho- 
tographie process. In both cases light produces a seareely 
visible change—a ‘‘latent image’’—followed by gross 
thermal changes. The parallel is particularly close in the 
dry rhodopsin film, in which light produces a stable la- 
tent image composed of meta-rhodopsin, which can be 
*“developed’’ at any later time simply by wetting. Here, 
development induces bleaching, and results in a positive. 

These observations also reflect upon the relation be- 
Sween the bleaching of rhodopsin and the excitation of 
rod vision. We are still as far from knowing the mech- 
anism of excitation in the retinal receptors as in muscle 
or nerve. Nevertheless, something of the relation between 
visual stimulation and bleaching can be inferred from 
the times involved in both processes. When an eye is ex- 
posed to light, an electrical discharge can be recorded 
from the optie nerve within periods of the order of tenths 
of a second, even in cold-blooded animals. The excitation 
of the rods themselves must occur much earlier than this. 
It seems probable that the formation of retinene, is too 
slow a process to account for this response. More likely 
it depends upon the light reaction itself, or upon some 
further change—such as the conversion of lumi- to meta- 
rhodopsin—so intimately associated with the light re- 
action as to follow it to completion within a small frae- 
tion of a second. 
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Comments and Communications 


Language in Science 


[This communication is reprinted from the ‘‘ Letters 
to the Editor’’ section of The Lancet, June 11, 1949, 
by permission of that publication and of the author.] 

Until a very recent stage of man’s history the search 
for knowledge was in the hands of a priesthood who 
guarded most carefully their privileged position. Often 
the power of this priesthood lay in the ignorance and 
superstition of those without the order. By the use of 
language unknown to most people they prevented knowl- 
edge from passing to the outsider. 

After the Renaissance, English came to be used as the 
language of science and religion in this country, and 
knowledge was put within the reach of many more people. 
But today the growing complexities of science are caus- 
ing a change in the reverse direction. In medicine, for 
example, each branch is building up a special and ever 
increasing vocabulary, and this is producing a new series 
of priesthoods—the hematologists, the venereologists, the 
stereochemists, the biophysicists, the eytologists, the pure 
and applied mathematicians, the epidemiologists. The 
subdivisions of knowledge will lose much of their value 
unless the results of applying their special techniques are 
intelligible to others besides the various high priests. 

Of late years books have been written to try to pass 
on the secrets of the new priesthoods, and these ‘‘popu- 
lar’’ books show one way in which the problem has been 
tackled. Another possible solution appeared in the serv- 
ices during the late war. This was a slang which covered 
both everyday and technical subjects; it was a live 
method which filled a gap. These examples illustrate two 
principles which could be used to prevent even greater 
chaos than at present: either language can be simplified 
or a new language ean be evolved. 

Ogden with Basie English has shown how speech can 
be simplified, and Hogben has suggested an international 
language of science with his Interglossa. Yet another, 
Bodmer, in The Loom of Language (p. 48) has empha- 
sised the keynote: ‘‘The invention of the alphabet made 
it possible to democratize reading as the invention of the 
number 0 made it possible to democratize the art of caleu- 
lation.’’ An alphabet or a Basie English for science and 
medicine is a pressing need. 

The realisation of this aim is not easy, but every editor 
of a journal ean help by insisting on papers being written 
in the simplest possible language, and frowning upon new 
words which could easily be rendered in simple terms; 
every author can help by writing in simple language. It 
is asking too much to expect that specialised techniques 
ean be so described that their features are at once un- 
derstood by a worker in an unrelated field, but it is not 
asking too much to insist that the main lines of argu- 
ment in a paper should be presented with consideration 
for the difficulty of a worker in another field. 


Unless steps such as these are taken now by editors and 
edited, scientific and medical workers will soon be strug- 
gling in a bog of words. This is a system of planning 
which requires no committee, and the benefit to knowledge 
would be inealeulable. The pedant has always been a 
butt for the wit. Now is the time to banish him firmly 
from the various branches of knowledge. 

JOHN GRIEVE 
Department of Surgery, 
University of St. Andrews, Scotland 


Anthropologists vs. the Atom Bomb 


In his recently published The Science of Culture (p. 
xii), Prof. Leslie A. White refers to certain com- 
ments by E. U. Condon published in these columns (Sci- 
ence, 1946, 103, 415) and also to a letter of mine in this 
journal (Science, 1946, 103, 570) in which I told of a 
resolution proposed by myself and seconded by Margaret 
Mead, and adopted by the American Anthropological As- 
sociation in December 1945, pledging anthropologists to 
work with other scientists to make ‘‘appropriate social 
inventions’’ to ‘‘ guard against the dangers . . . inherent 
in atomic use.’’? Prof. White comments on this, ‘‘No 
report on progress toward such inventions has appeared 
yet.’’ 

This is not quite correct. Early in 1946 I commenced 
to make use of several social inventions directed toward 
achieving the end set out in the resolution. By October 
1946 this resulted in an animated sound film which has 
been distributed under the title ‘‘One World Or None.’’ 
I understand that this film has been seen by hundreds of 
thousands of persons and in every state of the union. It 
has been described by a well-known bureau of propaganda 
analysis as ‘‘the most effective documentary ever made,’’ 
and the film may be obtained from the National Commit- 
tee on Atomic Information, Washington, D. C. 

M. F. ASHLEY 
Rutgers University 
New Brunswick, New Jersey 


Correction 


We wish to correct an obvious error in our paper, ‘‘ The 
Crystalline Form of Sodium Ascorbate’’ (Science 1948, 
108, 713). 

On page 713 the sentence at the top of the second 
column should read: 

Forty grams (1 mole) of ascorbic acid was dissolved in 600 
ec of hot absolute methyl alcohol. While still hot, it was 


treated under stirring with 250 ce of a warm solution of methyl] 
alcohol containing 12.3 g (1 mole) of sodium methylate. 


The structure of sodium ascorbate as given by the 
U.S.P. (XIII, p. 898) was shown in our paper with the 
sodium substituting the acidic hydrogen of the carboxyl 
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group, but we stated that it is commonly believed that 
the neutralization involves the hydroxyl group attached 
to the third carbon. We should also have added that 
with neutralization of this enolic hydroxyl group by 
sodium, the lactone ring of the ascorbie acid remains un- 
broken unless excess of sodium is added. The values 
found for carbon, hydrogen and sodium in the analysis 
of our sodium ascorbate are in agreement with the theo- 
retical values calculated for the sodium lactone salt. 
Srvon L. RUSKIN and ALICE T. MERRILL 
Physiological Chemicals Company 
New York City 


In Defense of the USDA 
Research Administration 


Although parts of the curious paper by W. Gordon 
Whaley, ‘‘The Agricultural Impasse’’ (Science, July 22 
are obscure, others suggest serious deficiencies in the Re- 
search Administration of the Department of Agriculture. 
If believed, these statements might reduce the effective- 
ness of this administration’s work. 

Certainly the research bureaus of the department, in- 
eluding the Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, which Mr. Whaley finds especially 
deficient, have many administrative problems—in fact, 
most of those he mentions. But the inference that these 
problems go unrecognized is not so. Fundamental as well 
as applied research is encouraged. Many projects are 
suggested by junior scientists. Ranks and salaries of 
strictly research scientists can be (and some are) as high 
as those of division chiefs and assistant chiefs of bureau. 

Scientists need the freedom essential for effective re- 
search, but they are not an elite class—Congress must 
have ultimate control of public funds. The reports of 
annual hearings have their bad spots; they also have 
many good ones. The problem is to improve the relation- 
ship, not to avoid it. 

The administrative and personnel problems of the 
Agricultural Research Administration that Mr. Whaley 
touches on are far more complex than he has had an op- 
portunity to appreciate (else he would not call the task 
‘dignified pussyfooting’’). As in any other research 
group, the problems keep coming. The question is, how 
are they handled? Mr. Whaley thinks they are handled 
very badly; I think they are handled well. 

Possibly Mr. Whaley conceives of research in terms of 
many small independent projects. There are some of 
these. But agricultural scientists must address themselves 
increasingly to problems of great scope. A large part of 
our big research undertakings are cooperative with many 
other agencies, especially the Land Grant Colleges, and 
are managed almost wholly by the research scientists 


themselves. The prestige of the plant scientists, about 
which Mr. Whaley says he is worried, is not only high, 
and increasing, for their professional work, but also for 
their cooperative methods of administration. How well 
are they doing? Look at the record! 

In the same paper Mr. Whaley quickly writes off the 
tropics. He even asserts that these regions cannot be- 
come important producers of ‘‘energy’’ crops. Should 
they hear of it, successful sugar cane planters and other 
farmers in Hawaii, northern Queensland, and wherever 
modern methods are used in the humid tropics would be 
puzzled. The problems of tropical agriculture are indeed 
complex, but the worst errer of all would be to neglect 
them, if we want abundant food in the world. 

CHARLES E. KELLOGG 
Agricultural Research Administration 
U. S. Department of Agriculture 


An Automatic Timer for Speakers 


Timing devices available for notifying speakers that 
their allotted time has elapsed are generally cumbersome 
and require outside power sources. Many of these ap- 
pliances in present use require alternating current, which 
is not easily obtained in hotels and meeting halls which 
produce their own direct current. Further, the mecha- 
nisms now in use mark the time allotted but do not re- 
mind the speaker that his time has run out. 

We have recently designed a simple, compact, portable 
timing device which requires no outside source of elec- 
trical current. A commercially available timer is modi- 
fied by the introduction of contacts for the completion of 
a ecireuit between three small fiashlight batteries and a 
six-volt buzzer. An escapement type lever arm is intro- 
duced into the timing device to make it possible to turn 
on a light and to sound a buzzer for brief periods. The 
entire unit weighs less than one pound. 

The chairman sets the time allotted on the timer. The 
time remaining to the speaker is indicated on the face 
of the dial. The warning light turns on automatically 
two minutes before the end of the specified period. At the 
end of the allotted period a buzzer sounds momentarily. 
One and a half minutes after the supposed end of the 
talk, the buzzer sounds again, this time for a longer 
period. Three minutes following the scheduled end of 
the talk, the buzzer sounds continuously for one minute 
to remind the speaker that he has overstayed his invita- 
tion. Varying times for these signals may be installed. 
The automatie character of the signal relieves the chair- 
man of the occasionally unpleasant task of bringing the 
presentation to a close. This device has been tested 
satisfactorily at several meetings. 

S. RopBarp and E. TIGER 


Michael Reese Hospital, Chicago 
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Subsurface Geologic Methods: A Symposium. L.. W. LeRoy 
and Harry M. Crain. (Eds.) Golden, Colo.: Dept. of 
Publ., Colorado School of Mines, 1949. Pp. 826. (Il- 
lustrated.) $6.00, paper; $7.00 cloth. 

The search into the unknown has always intrigued both 
young and old. Tales of the jungle explorer or of the 
one to brave the cold polar wastes, have fascinated man 
since first these stories were told. This search, while 
necessary to balance the economics of industry, also lends 
some thrill to the otherwise drab existence of the scientist. 
Surely everyone knows how easy it is to pump a few gal- 
lons of gasoline into the tank of his automobile, by 
merely pushing a switch; but, only the scientist realizes 
the tireless search, the days of planning, and the excite- 
ment of discovering the petroleum reservoir that will later 
yield the refined product that will be pumped into his 
car. 

The methods of the search into the unknown beneath 
the surface of the earth are the subjects discussed in this 
book. The editors have succeeded in placing before the 
reader a clearly written volume on the geologist’s tech- 
nique. It is concise, free of too much trade jargon, pro- 
fusely illustrated with apt diagrams and sharp photo- 
graphs, and quite comprehensive. That the majority of 
the 826 pages deal with the geologist’s search for petro- 
leum is understandable when we consider that this field 
of commerce has penetrated deeper, and in regions more 
widely, than any other field of industry. Cost of drilling 
and producing has increased so greatly that careful plan- 
ning is a necessity before the earth is punctured. For 
years the petroleum industry has set aside large sums for 
research connected with discovering new reserves. This 
research is the subject of the present volume. 

In the beginning, consideration is given to the type of 
structure required for satisfactory production, and this 
is accomplished by correlating various observations to 
reconstruct sections, coordinate sequences, to interpret 
earth history, etc. Once the structure is known, the 
driller has at least a negative norm to guide him. 

Laboratory inspections of samples are explained; these 
include micropaleontology, petrofabries, and sand grain 
characteristics, among other tests. Well logging is im- 
portant, and the explanations include logging of the 
strata, electrical resistance logging to measure oil content, 
and logging the muds and cuttings. An explanation of 
the geophysical methods employed is brief but sufficiently 
comprehensive for the geologist. Here he will learn how 
important these tools are to his own work. Seismic, grav- 
itational, electrical, and magnetic methods are dealt with, 
and some case histories given. Finally, a few applica- 
tions of subsurface geology and geophysics to other civil 
engineering problems are briefly explained. 

In a sense, the title of this book might be misleading to 
some. The engineer who is located in the eastern United 
States and who is interested in highway location and de- 


Book Reviews 


sign, or shallow bridge foundations, building foundations, 
or ground water supplies for municipal use, will find little 
in this book to help him. Some mining engineers might 
feel their field is not sufficiently covered from the geo- 
logic standpoint. However, those interested in any phase 
of the petroleum industry will find this book most help- 
ful, and it is a required volume for the shelves of any 
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DANIEL LINEHAN, S.J. 


Seismological Observatory 
Weston College 


Les Lipides. (Colloques Internationaux du Centre Na- 
tional de la Recherche Scientifique, Paris, 5 au 12 Jan- 
vier 1948, Vol. XI). Paris Ve: Service des publica- 
tions du C. N. R. S., 1949. Pp. 399. 1000 fr. 

This new book contains 26 papers (19 in French and 
7 in English) delivered by 24 different scientists (18 
French, 1 English, 1 Dutch, 2 Swiss, and 2 Americans) 
at a symposium on lipids that took place in Paris, Janu- 
ary 5-12, 1948. The papers had already been published, 
constituting Nos. 1, 2, 3 and 4 of volume II of Archives 
des Sciences Physiologiques. 

The book is divided into eight parts: digestion and in- 
testinal absorption of lipids, deposition and mobilization 
of depot fats, transport of lipids in the blood, lipopro- 
teins, metabolism of higher fatty acids, desaturation of 
higher fatty acids and the essential fatty acids, lipids 
and blood clotting, phosphoaminolipids.and products of 
their degradation, and oxidation in vitro of fats and 
antioxidants. 

Papers presented are of uneven merit, some being ex- 
cellent and some being obviously the product of a hurried 
effort. The part on lipoproteins is the best. It includes 
an excellent review paper by Macheboeuf, which presents 
a comprehensive picture of that writer’s work, from his 
earliest pioneer experiments up to 1947. An article by 
Chargaff follows, with an authoritative discussion of cel- 
lular lipoproteins. Finally, Frazer discusses his interest- 
ing work on artificial lipoproteins. Among other papers, 
a review on ketone bodies by Barnes and Gurin is out- 
standing. 

As a symposium on lipids, the value of the book is 
limited. Most of the material it contains is either widely 
known or has been covered more comprehensively by 
earlier reviews. Unfortunately, many of the participants 
are not abreast of developments in recent English and 
American scientific literature, presumably because of cir- 
cumstances beyond their control. Two lines of work on 
lipids which have been especially active in the last decade 
—namely, lipotropic factors and chemical structure of 
complex lipids—are not discussed. Indeed, the absence 
of these two topics, makes the reader feel that the book 
belongs to a much earlier date than 1949. 

The book is most interesting as a cross section of 
French work and French ideas in the field of lipids. It 
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is encouraging to see that, in spite of many difficulties, 
French science has traveled a long way on the road to 
full recovery. 

JorDI FoucH-P1 
Harvard Medical School 


Experimental Psychology: An Introduction. Leo Postman 
and James P. Egan. New York: Harper, 1949. Pp. 
xiv+520. (Illustrated.) $4.50. 

Instructors who have tried Woodworth’s Experimental 
Psychology for undergraduate courses and found the go- 
ing tough will weleome this new book by Postman and 
Egan. It covers much the same subject matter areas as 
Woodworth but is more selective within these areas, 
briefer, and delivered at a level well within the under- 
graduate grasp. 

Chapters are distributed as follows: psychophysical 
methods, 1 chapter; the senses and perception, 8; judg- 
ment, 1; reaction time and association, 1; learning and 
memory, 6; emotional behavior and social behavior, 1 
each. In general, the discussion treats method and ex- 
perimental results. The elaboration of theory is almost, 
but not entirely, lacking. At the elose of each chapter 
is the outline of one or more laboratory experiments which 
illustrate and apply the methods and techniques discussed. 


Readers will find the book organized so as to make it 
very teachable. Good use has been made of outlining 
legends and paragraph headings, illustrations appear in 
considerable number, and chapter bibliographies are 
broken down by research topic. Problems associated with 
the control of stimulus or subject variables are given par- 
ticular attention in sections at the close of many of the 
chapters. Certain methodological sections should also be 
helpful—for example, the one which integrates the con- 
cepts of reaction time, judgment time, and latency, and 
another which describes the traditional psychophysical 
methods as models and models only, which individual ex- 
periments may follow to greater or less degree. 

As the authors themselves point out in their introduce- 
tion, the book does not treat all the areas or problems now 
embraced in experimental psychology, but proposes to 
offer a representative sample of the methods and results 
in experimental psychology. Perhaps the only serious 
question which potential users of the book may face is 
the question of whether the topics thus selected overlap 
too seriously those discussions of the senses, perception, 
and learning which the student may have read in a gen- 
eral text used in some prior introductory course. 

E. KapPPaur 
Princeton University 
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ed.) New York: Elsevier Publ., 1949. Pp. xii+ 258. 
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New 
(Ilus- 


(Continued from page 171.) 


detection of the S,; 10-20 molecules when present in 
low concentration depends upon the concentration ef- 
fected in our preliminary ultracentrifugal purification 
and upon the sensitivity of the optical method of de- 
tection subsequently used. We can readily detect 5 
mg% of S; 10-20 molecules by our methods (repre- 
senting approximately 1 mg% of cholesterol in this 
fraction). Thus a significant concentration of mole- 
cules of the S; 10-20 class may be present in serum 
and still represent numerically, but not physiologi- 
cally, an insignificant fraction of the total serum cho- 
lesterol. These facts help explain why it has not been 
possible for previous workers to reach any definite 
conclusions concerning atherosclerosis by studying an- 
alytical cholesterol values. 

The patients with hypercholesteremia (over 300 
mg%), drawn from the individuals without known 
disease, from the diabetics, and from the patients with 
myocardial infarctions, show no essential differences 
ultracentrifugally in the nature of the molecules trans- 
porting cholesterol, but instead show generally an in- 
crease in the quantity of cholesterol of serum bound 
in the form of the S; 10-20 class of molecules. How- 
ever, many normocholesteremic individuals may carry 
much more cholesterol in this fraction (S, 10-20 mole- 
cules) than do the hypercholesteremics. Thus since 
normocholesteremic individuals and hypercholester- 
emic individuals may have appreciable concentrations 
of S,; 10-20 molecules, it is understandable that indi- 
viduals of both these groups should develop athero- 
sclerosis, assuming our thesis of the relation of S, 10- 
20 molecules to atherosclerosis to be correct. This 
would provide, then, a missing link between these 
groups that had not been available from the study of 
analytical cholesterol levels. 

In summary, the mechanism of cholesterol transport 
in the serum of rabbits and humans via giant lipid and 
lipoprotein molecules of low density has been charac- 
terized. In both species there exist classes of mole- 
cules of higher S; rate and lower density than the 
major group of cholesterol-bearing lipoproteins. The 
evidence indicates that the lower density of the mole- 


cules of higher S, values is at least partly due to a 
lower content of protein per molecule. 

Evidence implicating the cholesterol-bearing mole- 
cules of the S, 10-30 class in the production of cho- 
lesterol-induced atherosclerosis in the rabbit has been 
presented. 

A study of 104 patients with proved myocardial in- 
farctions reveals an almost universal occurrence of 
cholesterol-bearing molecules of the S; 10-20 class 
(a class of molecules similar in many respects to the 
S; 10-30 class in rabbits) at fairly high levels in the 
blood. All categories of normal humans studied show 
a lower frequency of occurrence of measurable con- 
centrations of S,; 10-20 molecules than do the myo- 
cardial infarction patients (a group of patients 
almost all of whom have coronary artery atheroscle- 
rosis). The findings in the groups other than the my- 
ocardial infarction group are also consistent with the 
expected incidence of atherosclerosis in such groups. 

Preliminary evidence indicates that exogenous cho- 
lesterol in the human as well as in the rabbit is a 
factor in influencing the blood level of molecules of 
the S, 10-20 class. 

Studies are now in progress with other categories 
of patients who develop atherosclerosis to a degree 
beyond that for supposed normal individuals of cor- 
responding ages. These categories include hyperten- 
sive patients, patients with the anginal syndrome but 
without proved infarctions, nephrotic patients, and 
hypothyroid patients. In addition, long term studies 
of the effect of diet, with and without adjunctive 
drugs such as thyroid, lipotrophie factors, and pos- 
sibly sex hormones, on the blood level of molecules of 
the S, 10-20 class are continuing. All these groups 
should help to evaluate further the role of these giant 
molecules in the development of atherosclerosis. 
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NEWS 
and Notes 


Joseph C. Boyce has been ap- 
pointed associate director of the 
Argonne National Laboratory. Dr. 
3oyee, at present professor of phys- 
ics and chairman of the Department 
of Physies in the College of Engi- 
neering of New York University, 
will assume his new duties in July. 


Paul B. Pearson, who has been 
acting chief of the Biology Branch, 
Division of Biology and Medicine, 
U. Atomic Energy Commission 
since last September, has been ap- 
pointed chief of the branch. Dr. 
Pearson will supervise the biology 
research program of the AEC, which 
includes work in the fields of bio- 
chemistry, genetics, and physiology 
at AEC installations and AEC-sup- 
ported research projects at colleges 
and universities. 


Maurice B. Visscher has taken 
over the chairmanship of the Na- 
tional Research Council Committee 
on Unesco, replacing Bart J. Bok, 
who leaves for South Africa on Feb- 
ruary 17 (see Science, January 27, 
p. 101). Communications formerly 
addressed to Dr. Bok should now be 
sent to Dr. Visscher, Department of 
Physiology, Medical School, Univer- 
sity of Minnesota, Minneapolis 14. 


Howard J. Curtis, professor of 
physiology at Vanderbilt University 
School of Medicine, will give a series 
of special seminars at the University 
of Texas Medical Branch, Galveston, 
March 25-26. His subjects will be 
‘*Conduction in Nerve and Muscle’’ 
and ‘*The Biological Effects of Nu- 


clear Radiations. ’’ 

Clark E. Thorp has been named 
chairman of chemistry and chemical 
engineering research at Armour Re- 
search Foundation of Illinois Insti- 
tute of Technology. Dr. Thorp, who is 
an authority on ozone technology, will 
head a department of 95 scientists 
and technicians now engaged in re- 
search projects for industrial con- 


cerns and government agencies. He 
has been with the foundation since 
1941. 


Isay Balinkin, associate professor 
of experimental physics at the Uni- 
versity of Cincinnati, has been 
elected chairman of the Inter-Society 
Color Council. The council serves as 
a liaison group for scientific, pro- 
fessional, and industrial organiza- 
tions dealing with color. 


Leo Otis Colbert, director of the 
U. S. Coast and Geodetic Survey, 
has been appointed to the Marine 
Laboratory Advisory Committee of 
the University of Miami. 


Edward Rosenberg, chief of the 
Arthritis Clinic at Michael Reese 
Hospital, has been appointed assist- 
ant professor of medicine at the Chi- 
eago Medical School. Dr. Rosen- 
berg is known for his work in arthri- 
tis, particularly with ACTH and 
cortisone. 


Visitors to U. S. 


Lancelot Hogben, professor of 
medical statistics, University of Bir- 
mingham, England; Marcel Nicolet, 
director of the Department of Ra- 
diation, Royal Meteorological Insti- 
tute, Uccle, Belgium; H. L. Ranson, 
Advance Components, Ltd., London, 
England; D. A. Temple, chemist, 
Cambridge University, Cambridge, 
England, and Han San Ryu, engi- 
neer, Department of Commerce and 
Industry, Seoul Korea, were recent 
visitors at the National Bureau of 
Standards. 


A. H. McIntosh, of the Roth- 
amsted Agricultural Experiment Sta- 
tion, Harpenden, England, has joined 
the Entomology Department of the 
Connecticut Agricultural Experiment 
Station for a year, under an ex- 
change agreement between the two 
stations. 


G. Pauletta, director of research 
for the Carlo Erba Company of 
Milan, Italy, arrived at the Univer- 
sity of South Dakota on February 
2 to consult with Donald Slaughter, 
dean of the Medical School, and 
Jacob Belagorsky, assistant profes- 
sor of pharmacology, on experimental 


work the school is doing on one of 
the Carlo Erba Company’s prepara- 
tions. 


Georges Henri Riviére, associate 
general director of the International 
Council of Museums, visited the prin- 
cipal museums here last month, after 
spending seven weeks in Haiti, where 
he assisted the government in set- 
ting up a projected folk museum in 
Port-au-Prince. M. Riviére is cura- 
tor of the new Museum of French 
Ethnology and Folk Art in Paris, to 
be opened soon. 


Charles C. Macklin, Department 
of Histological Research, Faculty of 
Medicine, University of Western On- 
tario, Canada, will deliver the 26th 
Lewis Linn MeArthur Lecture of 
the Frank Billings Foundation, In- 
stitute of Medicine of Chicago, at 
the Palmer House, Chicago, on Feb- 
ruary 24. His subject will be ‘‘The 
Alveoli of the Mammalian Lung: An 
Anatomical Study with Clinical Cor- 
relations. ’* 


Grants and Awards 


A three-year grant of $50,000 per 
year from the Rockefeller Founda- 
tion has been made to the Roscoe 
B. Jackson Memorial Laboratory, 
Bar Harbor, Maine. Effective 
March 1, the grant continues the sup- 
port the foundation has given for 
the past five years toward the labora- 
tory ’s behavior studies. Dr. John P. 
Seott is administrator of the Be- 
havior Laboratories. Working with 
him are John L. Fuller, Paul B. 
Sawin, Emil Fredericson, Mary Alex- 
ander, and a staff of scientifie assist- 
ants and research fellows from vari- 
ous universities. 


Eta Kappa Nu Association, na- 
tional honorary organization of elee- 
trical engineers, elected three Emi- 
nent Members to the association on 
January 30. The scientists chosen 
were Vannevar Bush, president of 
the Carnegie Institution of Wash- 
ington, Royal W. Sorensen, pro- 
fessor of electrical engineering at 
the California Institute of Technol- 
ogy, and V. K. Zworykin, head of 
research for the Radio Corporation 
of America. It was the first time 
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that Eta Kappa Nu had awarded 
this honor, although it has been pro- 
vided for in the society’s constitu- 
tion for many years. 


The ninth annual award of the 
Chicago Dental Society has been 
given to M. S. Burstone, instructor 
in pathology, Washington Univer- 
sity Schoo] of Dentistry and Wash- 
ington University School of Medi- 
cine. Dr. Burstone was cited for his 
work dealing with the effect of in- 
ternal administration of radioactive 
phosphorus upon the development of 
the teeth and mandibular joint of 
the mouse. The award is made an- 
nually for an original investigation 
which contains some new material of 
value to dentistry. 


The $1,000 Fisher Award in 
Analytical Chemistry will be pre- 
sented to I. M. Kolthoff on March 
28 at the Houston, Texas, session of 
the American Chemical Society’s na- 
tional meeting. Dr. Kolthoff, who 
is head of the Analytical Chemistry 
Division at the University of Min- 
nesota, will be the third winner of 
the Fisher Award, established in 
1947 to recognize and encourage out- 
standing achievement in the science 
of analytical chemistry. The first 
award was conferred on N. Howell 
Furman, professor of analytical 
chemistry, Princeton University ; last 
year it was presented to G. E. F. Lun- 
dell, retired chief of the Chemistry 
Division of the National Bureau of 
Standards. 


Fellowships and Prizes 


The American Genetics Associa- 
tion is offering a thousand-dollar 
prize for the best essay written dur- 
ing 1950 in partial answer to the 
question: ‘‘Who marries whom, and 
why?’’ It is hoped that the con- 
test will clarify some of the social, 
economic, and educational factors 
important in the determination of 
marriage choices. The purpose of 
the contest is to develop criteria for 
recognizing nongeographie factors 
which limit marriage choices. 

An additional thousand dollars is 
offered in secondary prizes. The con- 
test closes February 28, 1951. Com- 
petition is open to all qualified stu- 
dents and specialists in genetics. For 


additional information write to the 
American Genetie Association, 1507 
M Street, N.W., Washington 5, D. C. 


The Department of Chemistry 
of the School of Biological Sci- 
ences, University of Tennessee, is 
accepting applications for graduate 
teaching fellowships for the aca- 
demic year 1950-51. The fellowships 
are open to students who will be 
candidates for the master’s degree 
or the doctorate in biochemistry. 
Appointments are for 10 months 
and are renewable. First-year sti- 
pends are $1,000 for fellows holding 
the bachelor’s degree and $1,500 for 
fellows holding the master’s degree. 
Tuition fees are remitted. Appli- 
cations, including transcript of col- 
lege work, personal data, and a re- 
cent photograph, should be sent to 
the Dean of the School of Biological 
Sciences, University of Tennessee, 
Memphis, by April 1. 


The 1950-51 Frank B. Jewett 
postdoctoral fellowships for re- 
search in the physical sciences have 
been awarded to James Bruce 
French, physicist, Massachusetts In- 
stitute of Technology; Lse Lisl No- 
vak, mathematician, Wellesley Col- 
lege; Robert Frank Steiner, chemist, 
Harvard University ; David Emerson 
Mann, physicist, University of Min- 
nesota; and Roy J. Glauber, physi- 
cist, Institute for Advanced Study. 
The fellowships grant $3,000 to the 
recipient and $1,500 to the insti- 
tution at which he chooses to do 
his research. 


The Committee for Research in 
Problems of Sex of the National 
Research Council expects to have a 
few thousand dollars available for 
new grants-in-aid during the fiscal 
period July 1, 1950 to June 30, 1951. 
Applications will be received until 
March 15, 1950. Blanks may be ob- 
tained from the Division of Medical 
Sciences, National Research Council, 
2101 Constitution Avenue, Washing- 
ton 25, D. C. Preliminary inquiries 
should be addressed to Dr. George 
W. Corner, Chairman of the Com- 
mittee. 


A fellowship in gynecological en- 
docrinology will be available in the 
Department of Obstetrics and Gyne- 


cology, Jefferson Medical College 
and Hospital, on July 1. Applicants 
must have had at least a one year’s 
residency or equivalent training in 
obstetrics and gynecology. Work 
will be done under the supervision of 
A. E. Rakoff, clinical professor of 
obstetrics and gynecological endo- 
erinology. The yearly stipend is 
$1,800. For further details write to 
Lewis C. Scheffey, Head of Depart- 
ment of Gynecology, Jefferson Medi- 
eal College and Hospital, Philadel- 
phia 7. 


Meetings and Elections 


The National Academy of Sci- 
ences will hold its annual meeting 
April 24-26 in Washington, D. C. 
Sessions for the presentation of sci- 
entific papers will be held on Monday 
and Wednesday, April 24 and 26. 
Members wishing to submit papers 
or to introduce a paper by a non- 
member should submit title and ab- 
stract (in duplicate) to the Home 
Secretary, 2101 Constitution Avenue, 
N.W. Washington, D. C. not later 
than March 20. A public lecture by 
I. I. Rabi, of Columbia University, 
will be given at 8:00 p.m. April 24 
in the Academy Auditorium. The 
title of his address will be announced 
later. Headquarters for the meeting 
will be the Washington Hotel, 15th 
Street and Pennsylvania Avenue, 
Washington 4, D. C. Reservations 
may be made by writing directly to 
the hotel. 


The American Physical Society 
will hold its 299th meeting in Wash- 
ington, D. C. April 27-29. Titles 
and abstracts of all papers con- 
tributed for presentation should be 
received by Karl K. Darrow, Sec- 
retary, American Physical Society, 
Columbia University, New York City 
27, by March 3. 


The American Mathematical 
Society will hold its 454th meeting 
at Michigan State College, East Lan- 
sing, February 24-25 in Room 118 
of the Physics-Mathematiecs Building. 
On Saturday morning, February 25, 
a joint session with the Industrial 
Mathematics Society will take place. 
The society’s 455th meetirg will be 
held at Columbia University, New 
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York City on Saturday afternoon, 
February 25. All sessions will take 
place in Room 301 of the Pupin Phys- 
ies Laboratories. At 2:00 p.m. C. 
L. Siegel, of the Institute for Ad- 
vanced Study, will speak on ‘‘ Classes 
of Analytic Transformations.’’ 


The New School for Social Re- 
search, New York City, is present- 
ing a series of 24 lectures on 
“Frontiers of Research in Science 
and Medicine,” which began Febru- 
ary 7 and will run through May 23. 
The series is offered without fee by 
the New School and the Institute for 
Muscle Research. Among the sci- 
entists taking part are Albert Szent 
Gyorgyi, in charge of research at the 
Institute for Muscle Research, Ma- 
rine Biological Laboratory, Woods 
Hole, Massachusetts; Otto Warburg, 
director, Kaiser Wilhelm Institute, 
Berlin-Dahlem; and Harry Gold- 
blatt, Institute for Medical Research, 
Cedars of Lebanon Hospital, Los 
Angeles. 

The lectures are based on labora- 
tory findings of the working sci- 
entists in medicine and its border 
fields in science and are designed to 
educate the layman in problems, 
methods, and achievements of modern 
scientific investigations. Current 
problems in chemistry and biochemis- 
try, biophysics, and medicine are 
subjects of discussion. 


The American Society of Nat- 
uralists elected the following officers 
at its 35th annual meeting: presi- 
dent, Th. Dobzhansky, Columbia Uni- 
versity ; vice president, H. H. Plough, 
Amherst College; secretary, Bentley 
Glass, Johns Hopkins University. D. 
P. Costello continues in office as 
treasurer. 


A joint committee on agricul- 
tural services to foreign areas has 
been created by the Association of 
Land-Grant Colleges and Universities 
and the U. S. Department of Agricul- 
ture to assist in formulating plans 
to further the U. S. program of 
international cooperation in techni- 
cal agriculture. The committee will 
also be concerned with the exchange 
of agricultural specialists and stu- 
dents with foreign countries. 

Representatives of the association 
on the committee are John A. Han- 
nah, president of Michigan State Col- 


lege; Charles E. Friley, president of 
Iowa State College; C. B. Hutchi- 
son, dean of agriculture and vice 
president of the University of Cali- 
fornia; H. P. Rusk, dean of the Uni- 
versity of Illinois; Harry Brown, 
dean of the University of Georgia; 
and W. I. Myers, dean of Cornell 
University. Representing the de- 
partment are Stanley Andrews, di- 
rector, Office of Foreign Agricultural 
Relations; P. V. Cardon, administra- 
tor, Agricultural Research Adminis- 
tration; F. F. Elliott, associate chief, 
Bureau of Agricultural Economies; 
A. Rex Johnson, assistant director, 
Office of Foreign Agricultural Rela- 
tions; T. Roy Reid, director, Office of 
Personnel; and M. L. Wilson, diree- 
tor of extension. 


The annual spring meeting of the 
Georgia Entomological Society will 
be held in the American Legion Club- 
house at Fort Valley, Georgia, on 
Mareh 3 and 4. 


Horticultural Color Chart. Sub- 
stantial progress was made towards 
a uniform standard for the biological 
sciences and horticultural groups at 
a meeting held on January 18 at the 
Chicago Natural History Museum. 
Although called primarily to dis- 
euss the needs of specialized plant 
societies, several representatives of 
the biological sciences were present, 
including Wendell H. Camp, presi- 
dent of the American Society of 
Plant Taxonomists, Theodore Just 
of the Museum staff, and Donald Wy- 
man of the Arnold Arboretum. 

The program fur a scientific, ac- 
curate color chart began at Cor- 
nell University in October 1947, when 
the Commission on Testing and Re- 
porting of the American Horticul- 
tural Council reported that without 
such a standard its work was mean- 
ingless. After an examination of 
existing standards, it was determined 
that all failed in some respect to 
meet the specifications set up, which 
included: 


1. Low cost of reproduction, mak- 
ing wide distribution possible. 

2. Relatively nonfading colors for 
permanence. 

3. Color measurement by modern 
scientific color instruments for per- 
manent recording. 

4. Uniformly spaced samples in 


the color spectrum so that additional 
colors could be interspersed as 
needed. 

5. Large samples on the edge 
of the page, so arranged that two or 
more samples or specimens could be 
compared directly, under or over the 
sample. 

6. Nomenclature understandable 
to lay as well as scientifie workers. 

7. A wide range of colors to serve 
the entire field of biological sciences, 
with removable samples to limit 
range where desirable. 

8. Both mat and glossy surfaces. 


Two circumstances favored the 
progress of a chart based on these 
specifications. The importation 
from abroad of a new electronically 
controlled color press, designed for 
printing color cards for the paint 
trade, was one. Since paint color 
cards are color systems in miniature, 
by extending the scope of the proc- 
ess to inelude the 1,500 color sam- 
ples which now seem necessary, the 
printing of the proposed chart would 
be enormously simplified. The press 
in question can print as many as 66 
eolors on a single sheet, and these 
colors need not be in any way related. 
For example, completely unrelated 
colors can be applied to a single 
sheet, each with individual texture 
and reflective surface. This press 
has perhaps a higher color accuracy 
than any color-reproducing process 
heretofore available, and it has been 
used to reproduce highly important 
color standards for governmental 
agencies. It is of no use for illustra- 
tion reproduction, but is strictly a 
color-sampling press. Costs on this 
press would be roughly one-fifth of 
those for hand-pasted samples, the 
most accurate system heretofore 
available. 

The second fortunate circumstance 
was the discovery that Dorothy 
Nickerson, color authority of the 
Production and Marketing Adminis- 
tration, U. S. Department of Agri- 
culture, had for several years been 
gathering material for a horticul- 
tural color chart, and had been co- 
operating with workers in this field 
in gathering color data. As secre- 
tary of the Inter-Society Color Coun- 
eil, Miss Nickerson knew the need 
and had anticipated the call for 
scientific data. 
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Out of this work came dummies 
for proposed systems, meeting fully 
the specifications set up. These were 
based on data supplied Miss Nicker- 
son by organizations affiliated with 
the American Horticultural Council 
and others. 

At the Chicago meeting, the format 
suggested was approved, and the color 
range checked. Except for the ad- 
dition of an additional red-yellow- 
yellow group and a_ blue-blue-red 
group, with higher-keyed colors in all 
groups, the colors were pronounced 
satisfactory. 

Nomenclature will be decided by 
a committee, but the consensus of the 
meeting was that the Inter-Society 
Color Council names be adopted, 
with cross-indexing of Ridgway’s 
Maerz & Paul, and other color sys- 
tem names. Scientists present at the 
meeting emphasized the importance 
of using names for which Latin equiv- 
alents are available, for permanent 
taxonomic records. 

Recommendations of the meeting 
were sent to the American Institute 
of Biological Sciences for further ac- 
tion, which body has under con- 
sideration the appointment of a 
committee to carry the chart through 
to completion. Biologists interested 
in the use of color may still register 
their special needs by sending data 
on systems used, the colors most used 
in these systems, sections which need 
extension, ete., to Miss Dorothy Nick- 
erson, Box 155, Benjamin Franklin 
Station, Washington, D. C., to Dr. 
M. O. Lee, Chairman, American In- 
stitute of Biological Sciences, Na- 
tional Research Council, Washington, 
D. C., or to me, as chairman of the 
committee. 

R. Mitton CARLETON 
Vaughan’s Seed Company, 
Chicago, Illinois 


Miscellaneous 


Two statements by scientific 
groups were made last week con- 
cerning the hydrogen bomb: one by 
the Federation of American Sci- 
entists in Washington, D. C., the 
other by a group of 12 physicists at 
the annual New York meeting of the 
American Physical Society at Co- 
lumbia University. Both were based 


on President Truman’s recent deci- 
sion that the U. S. should go ahead 
with the construction of the hydro- 
gen bomb. Both statements empha- 
sized that there can be no security 


based on monopoly of a _ super 


weapon. 
Excerpts from the FAS statement 
follow: 


. .. No nation is secure against 
the hydrogen bomb. . . . American 
scientists are of many minds on 
many issues, but on one we unite: 
our country must turn from the 
false security of bombs to the slow, 
difficult task of gaining security by 
a positive approach to peace by mu- 
tual agreement, to peace by gradual 
disarmament, to peace by world- 
wide economic reconstruction and de- 
velopment. 

The policy of our country has 
faced in two directions. We have 
sought to achieve international con- 
trol of atomic energy on the one 
hand, while basing our military 
planning on atomic armaments. The 
question which faces us today is 
whether the United States will per- 
sist in its avowed policy of seeking 
peace through agreement or whether 
it will pay lip service to this policy 
while relying on force. 

The decision on the hydrogen bomb 
can be interpreted by the world as a 
symbo] that we have now set our 
course. We have placed a terrible 
weight in the balance for destruc- 
tion. A greater weight must now be 
placed on the side of real security 
and peace. 

Already a few voices have 
solemnly and wisely urged such a 
course. We repeat now our request 
that the President establish without 
delay a new commission with the 
broad perspective of the Acheson- 
Lilienthal Commission of 1946 to 
examine the whole issue of our 
atomic policy and to make a fresh 
start, a far-going revision which of- 
fers some real hope of breaking the 
present stubborn deadlock. . . . Our 
objective must continue to be ef- 
fective atomie control, including 
thoroughgoing inspection. But we 
must consider alternative proposals, 
perhaps proposals without the far- 
reaching international ownership 
concept, perhaps proposals making 
greater concessions to national in- 
terests, certainly proposals in which 
procedural issues like the veto are 
subordinate to the simple question 
of adequacy in giving nations warn- 
ing of possible violation. 

We call on Americans to see in the 
President’s announcement a new 


warning and a new challenge. We 
still have hope that there are no dif- 
ferences so great that they can only 
be solved by atomic war. 


The 12 physicists, led by Hans 
A. Bethe, of Cornell, said in part: 


. .. a hydrogen bomb, if it can be 
made, would be capable of develop- 
ing a power 1,000 times greater than 
the present atomic bomb. New 
York, or any other of the greatest 
cities of the world, could be de- 
stroyed by a single hydrogen bomb. 

We believe that no nation has the 
right to use such a bomb, no matter 
how righteous its cause. This bomb is 
no longer a weapon of war, but a 
means of extermination of whole 
populations. Its use would be a be- 
trayal of all standards of morality 
and of Christian civilization. ... 

Statements in the press have given 
the power of the H-bomb as between 
two and 1,000 times that of the pres- 
ent fission bomb. Actually the thermo- 
nuclear reaction on which the H- 
bomb is based is limited in its power 
only by the amount of hydrogen 
which can be carried in the bomb. 
To create such an ever present 
peril for all the nations in the world 
is against the vital interests of both 
Russia and the United States. Three 
prominent Senators have called for 
renewed efforts to eliminate this 
weapon, and other weapons of mass 
destruction from the arsenals of 
all nations. Such efforts should be 
made, and made in all sincerity from 
both sides. 

In the meantime, we urge that the 
United States, through its elected 
government, make a solemn declara- 
tion that we shall never use this 
bomb first. The only circumstance 
which might force us to use it would 
be if we or our allies were attacked 
by this bomb. There can be only 
one justification for our development 
of the hydrogen bomb, and that is 
to prevent its use. 


The signers were: S. K. Allison, di- 
rector of Insitute for Nuclear Studies, 
University of Chicago; K. T. Bain- 
bridge, Harvard University; H. A. 
Bethe, Cornell University; R. B. 
Brode, University of California; C. 
C. Lauritsen, director of Kellogg Ra- 
diation Laboratory, California Insti- 
tute of Technology; F. W. Loomis, 
chairman of Physics Department, 
University of Illinois; G. B. Pegram, 
dean of Graduate Faculties, Colum- 
bia University; B. Rossi, Massachu- 
setts Institute of Technology; F. 
Seitz, University of Illinois; M. A. 
Tuve, director, Department of Ter- 
restrial Magnetism, Carnegie Insti- 
tution, Washington; V. F. Weiss- 
kopf, Massachusetts Institute of 
Technology; and M. G. White, 
Princeton University. 
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ELEMENTARY PILE THEORY 


By Harry Soopak, The Massachusetts Institute of Technology; and Epwarp C. 
CaMPBELL, Oak Ridge National Laboratory. Presents the fundamental ideas 
associated with the chain-reacting pile. The authors report on detailed investi- 
gations of what happens to the fast neutrons given off in the act of fission, how 
they move about in space, and how they are slowed.down in matter. The book 
uses only simple mathematics in its treatment of essential details. Equations are 
explained and illustrations are freely used to facilitate understanding of the 
physical and mathematical ideas involved. Ready in March. 73 pages 23 illus. 
$2.50. 


SOME THEORY OF SAMPLING 


By W. Epwarps Deminc, Bureau of the Budget and New York University. A 
new book which presents the theoretical background plus the practical applica- 
tions of modern statistical practice. Parts I, II, and III cover the problems 
which arise in planning surveys. Part IV gives a step-by-step summary of how 
the theory of sampling was applied to two real problems: an estimation of in- 
ventories and a population sample for Greece. Part V goes into advanced theory 
that can be used in the design and analysis of samples. A book in the Witey 
MATHEMATICAL STATISTICS SERIES, Walter A. Shewhart, Editor. Ready in June. 
Approx. 554 pages Illus. Prob. $9.00 


PROBLEMS OF MORPHOGENESIS IN CILIATES 


By ANDRE Lworr, Institut Pasteur, Paris. The ways by which ciliates—non- 
cellular organisms reconcile their non-cellular state with such processes as dif- 
ferentiation, development, morphogenesis, evolution, and reproduction, are con- 
sidered in terms of particular phenomena in this new book. The subjects covered 
include: the complicated life cycle of Gymnodinioides inkystans; aspects of the 
cinetosome; differentiation in ciliates; and interactions of morphogenetic units. 
A book in the Wey BroLocicat RESEARCH SERIES. Ready in April. 103 pages 
32 illus. Prob. $2.50 


ANALYTICAL ABSORPTION SPECTROSCOPY 


Edited by M. G. MELLON, Purdue University. Covers the problems, methods, 
and equipment involved in measuring the absorptive capacity of a given sample 
for radiant energy in the spectral region of 0.2 to 25 microns. Nine authorities 
cover in detail the chemical problems of preparing samples for measurement and 
the physical problems of testing and operating instruments to obtain the infor- 
mation desired. The book proposes a consistent nomenclature for the whole 
range of analytical chemistry methods. Ready in May. Approx. 495 pages 
290 illus. Prob. $9.00 


Send for copies on approval 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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and Engineering. 


Sizes available from 30 to 1000 cp for direct 
current and 150 cp for alternating current 
with auxilliary control devises. Write today 


for Bulletin 1630-SM. 


JAMES G. BIDDLE CO. 


ELECTRICAL & SCIENTIFIC INSTRUMENTS 
1316 ARCH STREET + PHILADELPHIA 7, PENNA. 


FROM A 


MINUTE 


SOURCE 


Pointolite Lamps produce an intensely brilliant 
and remarkably white light from a very small 
source and give an evenly distributed field of 
illumination. They have important applications 
in laboratories of Physics, Chemistry, Biology 


Wirt | GLASS ABSORPTION 


made 
by 


CELLS KLETT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 


Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters — 
Bio-Colorimeters— Comparators—Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


LIMNOLOGICAL ASPECTS OF 
WATER Supp_y AND WaAsTE DISPOSAL 


v ~ 87 pages—6 x 9—illustrated—clothbound—1949 


This volume of 20 papers treats of a field of science of rapidly 
increasing importance. In it engineering and limnology. meet, 


and government plays an important role. 


The papers in this new volume are not simply academic discussions of possibilities, 
but of sound biological and engineering science as applied to current practice in 
northern Wisconsin and Minnesota. The 12 contributors to this volume are largely 
from that area, but several are connected with institutions from Ohio to Boston. 


PRICES FOR THIS BOOK IN CAR- 


TONS, postage prepaid, are as follows: 
Members of the A.A.A.S. ..... $2.75 
Nonmembers and Institutions .. 3.25 


Please enclose remittance with order 


ORDER YOUR COPY NOW! 


To: AAAS PUBLICATIONS 
1515 Massachusetts Ave., N.W., Washington 5, D. C. 
Please accept my order for one copy of LIMNOLOGICAL ASPECTS 


OF WATER SUPPLY AND WASTE DISPOSAL. Remittance in the 


= 
__| | 
gif | 
| 
| 


February 17, 1950, Vol. 111 


SCIENCE 


11 


HEMOMETERS 


S| 
= 
all! 


She Gueat Hemometer Values 


WRITE FOR BULLETIN No. 303 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD.. LONG ISLAND CITY 1, N.Y. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 


STATHAM 
Manometer and Control Unit 


EKG 
or 
Recorder 


Illustrated above is a complete system for the re- 
cording of rapid pressure fluctuations in the ranges 
encountered in physiological research. We invite 
you to contact us for details of the Statham un- 
bonded strain gage manometer. 


LABORATORIES 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 


“SCIENCE. 


our most profitable 


advertising medium” 


“Science is consistently our most 
profitable advertising medium. 
Business secured solely thru Sci- 
ence ads has been the backbone 
of our success in this field.” 


—— SCIENTIFIC COMPANY 
Name on Request 


IT CAN BE YOURS ALSO, because . . 
the more than 33,000 scientists who subscribe 
to SCIENCE are an influencing factor in de- 
termining just what equipment and supplies will 
be purchased for the educational institutions, 
research foundations and industrial laboratories 
in the United States and 76 foreign countries. 
Your advertisement in these columns reaches a 
distinguished, an influential, and a responsive 
audience—at reasonable cost. 


Plan NOW for MORE SALES in 1950 


Write for Rate Card 26C TODAY .. 
let SCIENCE PRODUCE FOR YOU. 


MAGNIFIERS 


No. 19F—DOUBLET MAGNIFIER 10X in metal mount 
$3.25 each 


No. 21A DOUBLET 10X 


$2.75 each No. 19 TRIPOD MAGNIFIER 
10 


X $1.00 each 


No. 19A 

Single lens 

in folding 
bakelite 
mount 


$0.50 ea. 


THE GRAF-APSCO COMPANY 
5868 Broadway Chicago 40, Ill. 
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Personnel Placement 


Personnel Placement 


CHARGES and REQUIREMENTS 
for “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per word, minimum charge $3.00 for each 
insertion. If desired, a ‘‘Box Number” will be supplied, 
so that replies can be directed to SCIENCE for immediate 
forwarding. Such service counts as 8 words (e.g., a 25- 
word ad, plus a “Box Number”, equals 33 words). All 
ads will be set in regular, uniform style, without display; 
the first word, only, in bold face type. 


For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $16.00 per inch; no extra charge 
for Numbers’ 


2. Advance Parmene: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCIENCE. Insertion can be made 
until payment is received. 

3. Closing Date: Advertisements must be ag 6 by 
SCIENCE, 1515 Mass. Ave., , Washington 5, 
together with advance remittance, positively not tk than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Bacteriologist: Ph.D. Enzymologist, experienced intermediary 
metabolism, disease pathogenesis, biophysical techniques. Desires 
full-time — fundamental research, preferably rheumatic fever. 
Box 33, SCIENCE. x 


Bacteriologist, M.S.: 27; Experienced in Virology; desires posi- 
tion as_bacteriolo we = virologist with Eastern research labora- 
tory. Box 38, S NCE 


Biological Photographer: graduate of eastern university with split 
major in commercial advertising and photomicrography ; six years’ 
experience as biological photographer; interested teaching, admin- 
istration; for further information, please write Burneice Larson, 
Medical Bureau, Palmolive Building, Chicago. xX 


Biologist: A.B. (Major: Biology; Minors: Education, Chemistry, 
English) ; two years, laboratory and research assistant; for further 
information, please write Burneice Larson, Medical Bureau, Pal- 
molive Building, Chicago. x 


Biologist: Ph.D. Ecology. Seven years college teaching. Gen- 
eral Biology, Plant Morphology, Plant Taxonomy, Bacteriology, 
Ecology. Research publications. Desires Summer position. Box 
28, SCIENCE. 2/17 
Microbiologist: Ph.D. Specialization; medical mycology. Ten 


years’ postdoctoral research. our years’ 


ae teaching experience. 
Publications. Box 34, SCIENCE. x 


Organic Chemist: Ph.D., experienced in the synthesis of medicinals 
and steroid hormones. Desire opportunity to demonstrate orig- 
inality in research and development. New York Area. Box 35, 
SCIENCE. 


Plant Biochemist—Physiologist: Ph.D. 1949, at present Research 
Fellow, B.S. in horticulture. Research experience plant enzymes, 
carbohydrate metabolism, See ror tracers. Desires research or 
teaching position. Box 39, SCIENCE. x 


POSITIONS OPEN 


Positions Open: 

(a) Medical ibacteriologist and virologist to join faculty of depart- 
ment of pathology; university college of medicine; physician or 
candidate with hip D. required. (b) Biochemist with practical 
training in physiological chemistry and toxicology; Ph.D. pre- 
ferred; salary dependent upon qualifications; laboratories of fairly 
large hospital; Pacific Coast. (c) Two staff mem for p 
macy department, state university ; one should be qualified in phar- 
macognosy, the other in pharmacy; Middle West. (d) Bacteriolo- 
gist experienced in methods of antiseptic testing, media tee 
and isolation and identification of bacteria and fungi; B.S. degree 
and minimum two years’ experience required; research laboratories 
now being established Chicago area. (e Physiolo; ist with a Ph.D. 
in physiology or pharmacology; college of liberal arts, university 
having student enrollment of 000; biology department has staff 
of 18; new building with latest of equipment. 2-3 Burneice Lar- 
son, Medical Bureau, Palmolive Building, Chicago. x 


Wanted: Plant Pathologist. Teaching position (part-time re- 
search). Opportunity for advancement. Rank and salary con- 
tingent on training and ao Inquire immediately, Position 
now open. Box 22, SCIENCE. 2/17 


Zoologist: Instructor for General and Invertebrate Zoology, Ento- 
mology, in eastern Canadian University with strong interest in 
Limnological Research, September first. Preferably recent Ph.D. 
with experience in taxonomy of fresh-water zooplankton. Salary 
commensurate with qualifications. Box 36, SCIENCE. 2/24 


The Market Place 


BOOKS 


re) U T Oo F. P R I N T and HARD-TO-FIND 
ra books supplied. All sub- 
jects, all languages. Also incomplete sets completed, genealogies 
and town histories, all magazine back numbers, etc. us your 
list of book-wants—no obligation. We report quickly. Lowest 
prices. 
(We also at bookstore 


AMERICAN “LIBRARY SERVICE 


117 West 48th St., Dept. 222, New York 19, N. Y. 
P.S. We also buy books and magazines. Send us your list. 


MEDICAL AND Rare, Out-of-Print. 
Lists available. nt books supplied. Books a 
CAMBRIDGE. Book ‘HOUSE. 320 Bast 69th Street, N. Y. 2 


The SHRUNKEN MOON 
By J. E. SPURR 


BUSINESS PRESS - 


Price $4.00 
Lancaster, Penna. 


Scientific Librarian: Graduates in Zoology and Bacteriology, B.Ls. 
from an accredited Library School plus two years library experi- 


ence. Desire a position in a small scientific library, preferably in 
Ontario or British Columbia, by September or October. Box 37, 
SCIENCE. 2/24 


Zoologist, Ph.D.: Desires research and teaching position in general 
physiology at college with high standards, good graduate program. 
Box 40, SCIENCE x 


POSITIONS OPEN 


Fitofisiologo: Oportunidad para hacer investigaciones y ensenar 
estudiantes graduados que estudian cacao, y viajar a los paises pro- 
ductores. Ambiente excelente. Buen alojamiento. No paga 
impuesto sobre la renta. Instituto Interamericano de Ciencias 
Agricolas, Turrialba, Costa Rica. >.4 


Pharmacologist or Physiologist: Recent Ph.D. or experienced M. S. 
as assistant to pharmacologist for pharmacodynamic research in 
growing pharmaceutical company in Metropolitan New York. 
Give details in first letter. All replies confidential. Box 18, 
SCIENCE. 2/24 


Send us your Lists of tf 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are want 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and _descripticn of periodical files you are willing to = 
at high market prices. J. CANNER AND COMPANY, 
Boyston Street, Boston 15, Massachusetts. 


WANTED TO PURCHASE: 
SCIENTIFIC 
Sets and runs, foreig' d 
SCIENTIFIC BOOKS 
Entire libraries and smalier collections 
WALTER J. JOHNSON 
125 East 23rd Street, New York 10, N. Y. 
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The Market Place 


The Market Place 


LANGUAGES 


SUPPLIES AND EQUIPMENT 


LINGUAPHONE MAKES LANGUAGES EASY 


t 
Save tine, worl monsy. Send for'iree book Linea: || CHECK CARGILLE Propucts 
PHONE SINSTITUTE, 84 RCA Bldg., New York 20, N. Y. FOR 
PROFESSIONAL SERVICES LIST CHEMISTS 
MOTION PICTURE and SLIDE FILM BOXES: 
- ‘or keeping samples, specimens a 
PHOTOGRAP HY | Professional ot werk, sound fi small parts in order; completely 
omic a ical-e 
and omicrography 5 years BOILING STONES: 
HENRY ROGER, si Effective anti-bumping agent for over- 
VISCOSITY TUBES: 
Matched for the Air-Bubble Method 
Philip Bo Hawks Presi of comparing viscosities. Widely u 
Ph.D., in the Varnish Industry .......... 403 
RESEARCH— ANALYSES—-CONSULTATION 
Studies Just specify code number. 
rt 
35rd Street ‘Long Island City Y. R. P. CARGILLE 
h 
Tite or escriptive rochure 118 Liberty St., New York 6, N. Y. 
—— 25 E. Jackson Bivd., Chicago 4, Ill. 
@ RARE 
ALBERT MEMBER NATA TA N print EOMMON 
rice list un Req 
TEACHERS Reliable and Discriminating STARKMAN Biological Laborainry © W- 
Service to Colleges and Uni- Toronto, Canada 


and COLLEGE 
BUREAU 


versities of the Nation and 
their Personnel. 


AMERICAN Gaited "States “continu their 


COLLEGE great demand for recommendations 


for those trained in the different 
BURE AU fields of Science. The positions 

_ e from instructorships to heads 
28 E. Jackson Blvd. 


Chicago 4, Ill. 


Our service is nation-wide. 


SUPPLIES AND EQUIPMENT 


White SWISS Mice 20c 


Rabbits, Cavies, Chickens, Ducks, Pigeons, Hamsters 
Write + J. E. STOCKER + Ramsey, N. J. 


L-Methionine 

@ AMINO ACIDS IOCHEMICALS 

@ PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 


144 North Hayworth Avenue Los Angeles 36. California 


cals 


For NUTRITIONAL RESEARCH 
Write for GBI catalog No. 677 listing products 
for biochemical, biological, and microbiological 

Procedures. 


GENERAL BIOCHEMICALS, INC. 


72 LABORATORY PARK CHAGRIN FALLS, OHIO 


spuciat 
propucts 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 


price list. 
BIOS LABORATORIES, INC. Street, 


DOGS RATS RABBITS 
LABORATORY ANIMALS CATS PIGEONS HAMSTERS 
Clean healthy well-fed animals > MICE POULTRY GUINEA PIGS 


© Guaranteed suitable for your needs. 


JOHN C. LANDIS + Hagerstown, Md. 


HOLTZMAN RAT CO. 


Specializing in the Production of 


HIGH QUALITY WHITE RATS 
for Laboratory Use. 


R. 4, Madison 5, Wisconsin Phone 6-5573 


QUARTZW ARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
Also custom ay to meet requirements. 
rite for 


THE PANRAY CORP. 


340 Canal Street, New York 13, N. Y. 
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Are YOU destroying valuable information? 


Every issue of Science contains information and reference ma- 
terial that is valuable to scientists. YOU KNOW THIS! BUT 
ARE YOU DESTROYING THIS VALUABLE INFORMA- 
TION by letting your copies of Science deteriorate or become lost 
through careless handling? Do you spend much of your time 
looking for a misplaced copy, only to find it with pages mutilated? 
Well, the solution is very simple and most effective. 


BIND your Science magazines in this handy, loose-leaf binder. 
Instead of scattered references you will have bound volumes, 
with attractive maroon buckram covers, stamped in gold—adding 
a distinctive note to your library. 


Not only is this binder attractive, but it is durable and practical as 
well—it opens FLAT for easy reference and readability. You 
simply snap the magazine in with a strong flat wire, without 
cutting, punching or mutilating. You snap it out just as easily 
if you prefer to remove an individual copy . . . all in a matter 
of seconds. It holds 26 issues. 


Many members of the AAAS have written to us expressing their 
complete satisfaction with these fine binders and ordering more 
of them, for back issues as well as future issues. Why not order 
your binders now—you'll be glad that you did! Only $2.75 post- 
paid—(with your name—50¢ extra; year of issue—30¢ extra) 
personal check or money-order, please. Send your order, with 
remittance, to SCIENCE BINDERS, 1515 Massachusetts Ave., 
N.W., Washington 5, D. C. 


APPROACHES TO TUMOR CHEMOTHERAPY 


442 pp.—7%4 x 104—illustrated—clothbound—1947 


This volume of 41 papers by leading authorities is a comprehensive summary of the progress so far made 
toward the chemotherapy of malignant tumors. 

The plans for the volume were developed under the auspices of the National Cancer Institute and such 
other centers of cancer research as the Memorial Hospital of New York, the Sloan-Kettering Institute for Can- 
cer Research, and the Lankenau Institute of Philadelphia. 

Among the 93 contributors to the book are J. Engelbreth-Holm, M.D., University of Copenhagen. 
Denmark, and Alexander Haddow, M.D., D.Sc., University of London and the Royal Cancer Institute of London. 
England. Members of the staffs of all the principal cancer research institutions in the United States contributed 
to this volume. 

APPROACHES TO TUMOR CHEMOTHERAPY was not only a deliberately planned program but the con- 
tributions were presented and discussed leisurely at two 5-day research conferences at Gibson Island, Maryland. 
After these presentations and discussions of the manuscripts they were reviewed and edited by both the Chairman 
of the Publications Committee and the Editor of the volume, and all the numerous references to the cancer litera- 
ture throughout the world were carefully checked. However rapid the much hoped-for progress in the cancer 
problem may be, this volume promises to be an important and trustworthy reference book. 


To: AAAS PUBLICATIONS 


PRICES FOR THIS BOOK IN CAR- 
TONS, postage prepaid, are as follows: 


Members of the A.A.A.S. $6.50 


Please enclose remittance with order 


ORDER YOUR COPY NOW! 


Nonmembers and Institutions 7.75 a 


1515 Massachusetts Ave., N.W., Washington 5, D. C. 


Please accept my order for one copy of APPROACHES TO TUMOR 
CHEMOTHERAPY. Remittance in the amount of $ 
is enclosed. 
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electric microtome knife sharpener 


With the new, simplified Aloe Microtome 
Knife Sharpener the average technician 
is able to put a better, smoother, keener 
edge on microtome knives, scalpels and 
other instruments in far less time and 
with less effort. One reason for this 
quicker, more dependable service is the 
simplified knife holder that supports the 
knife over the full length up to 13% 
inches. The holder is set to provide an 
optimum bevel for cutting cartilage, 
paraffin embedded tissue, bone, or 
soft metals such as lead. 


The special alloy honing wheel is powered 
by a split phase, % h.p. motor. Opera- 
tion is unusually quiet and free from 
vibration. The entire mechanism is en- 
closed in a rubber-footed, crackle finish 
cast metal housing with an aluminum 
platform. Overall dimensions are 
14%” x 12” x 9¥2” high. 


60040 — Simplified Aloe Electric Microtome Knife Sharpener, as di 


improved strop assembly 


An improved strop assembly is now fur- 
nished as standard equipment with the 
Aloe Microtome Knife Sharpener. 
It removes the small wire or burr which 
accumulates on the knife during sharp- 
ening. The strop consists of a high quality 
horse-hide strop and a linen finishing 
strop mounted in a heavy metal frame, 
equipped with thumb screws for adjust- 
ing tension. 


ibed, with adjustable 


strop gssembly, one stick of abrasive paste, one jor of abrasive powder, one tube of special . 


solvent, cord and plug. For operation on 115 volts, A.C.—each $250. 


a. s. aloe company 


1831 Olive Street . 


St. Lovis 3, Missouri 


Serving Science Since 


= 


BEFORE SHARPENING 
note ragged knife edge. 


nicks and rough spots 


COMPLETE HONING 
gives fine edge but a 
wire or burr mars its 
keenness. 


| 
B 
Z 
1 Za xs 
FIRST HONING removes 
Qs ofter only a few strokes eS 
on honing wheel. een 
| 
| 
AFTER STROPPING cut- “Arta 
| ting edge is smooth and ee 
even; uniformly sharp. 


OPTICAL 
EQUIPMENT 


OPTICAL ALIGNMENT FIXTURE 


fo meef your needs 


@ CHECKING DIMENSIONAL CHANGES Wherever you need greater precision and 
@ MEASURING LIGHT SCATTERING higher quality plus lower production costs, 
@ HIGH TEMPERATURE MICROSCOPY it is wise to consider optical methods. Ameri- 
@ SOLVING UNUSUAL GAUGING PROBLEMS can Optical Company’s large and experienced 
@ MODIFYING STANDARD INSTRUMENTS research and development staff is ready to 
@ DETECTING STREAKS AND TURBIDITY assist you in designing special optical equip- 
@ CONTROLLING MACHINE OPERATIONS ment, or recommending suitable standard 


@ PRODUCTION FOCTURES INCORPORATING instruments . . . is ready also to furnish any 
OPTICAL SYSTEMS optical components and complete optical 


yst that b eded i 
@ CHECKING ALIGNMENT OF JIGS, FIXTURES, 
AND MACHINE TOOLS P 


For quick and willing cooperation, wire, phone or... 


Write Dept. B3. 


American @ Optical 


COMPANY 


INSTRUMENT DIVISION e BUFFALO 15, NEW YORK 


